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ABSTRACT 

We have analyzed the radial distribution of old stars in a sample of 218 nearby face-on disks, using 
deep 3.6 /Ltm images from the Spitzer Survey of Stellar Structure in Galaxies (S'*G). In particular, we 
have studied the structural properties of those disks with a broken or down-bending profile. We find 
that, on average, disks with a genuine single exponential profile have a scale-length and a central 
surface brightness which are intermediate to those of the inner and outer components of a down- 
bending disk with the same total stellar mass. In the particular case of barred galaxies, the ratio 
between the break and the bar radii (i?br/^bar) depends strongly on the total stellar mass of the 
galaxy. For galaxies more massive than 10^*^ Mq, the distribution is bimodal, peaking at Rhr/Rhar ~ 2 
and ~ 3.5. The first peak, which is the most populated one, is linked to the Outer Lindblad Resonance 
of the bar, whereas the second one is consistent with a dynamical coupling between the bar and the 
spiral pattern. For galaxies below 10^° Mq, breaks are found up to ^ 10i?bar, but we show that they 
could still be caused by resonances given the rising nature of rotation curves in these low-mass disks. 
While not ruling out star formation thresholds, our results imply that radial stellar migration induced 
by non-axysymmetric features can be responsible not only for those breaks at ~ 2i?bar, but also for 
many of those found at larger radii. 

Subject headings: galaxies: evolution — galaxies: photometry — galaxies: spiral — galaxies: stellar 
content — galaxies: structure 
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1. INTRODUCTION 

The initial conditions under which galaxies form and 
the physical mechanisms that govern their subsequent 
evolution are encoded in the stellar structure of galaxy 
disks. Hence the radial profile of the stellar disk is a 
powerful tool for probing galaxy evolution over cosmic 
time. 

Light profiles of galactic disks have generally been de- 
scribed by an exponential law (jFreemanI 11970 1 with a 
truncation or a bre ak^ at the outer edge of the disk 
(|van der KruitI [l979() . Subsequent deeper observations 
showed that the sharp cutoffs found by van der Kruit 
are better describe d by a double exponential profile 
(Pohlcn ct al. 2002), where the slope of the outer ex- 
ponential is steeper than that of the inner one; these are 
known as down-bending profiles. In contrast to these, 
some disks have been observed with an outer disk which 
has a shallower light profile than the inne r exponential 
(jErwin et al.ll200a iPohlen fc Truiilloll2006[ ): these are re- 
ferred to as up-bending profiles. 

The latest data show that systems with a single expo- 
nential profile are t he exception rath e r than the rule in 
the lo cal Universe (|Erwin et al.ll2005t iPohlen fc Trujillol 
|2006[ ). By analyzing optical li ght profiles of ^90 nearb 
late-type spirals (Sb-Sdm), IPohlen fc Truiillol ()200i 

1 The terms 'break' and 'truncation' are often used somewhat 
interchangeably in the literature. Here we prefer to use 'break' 
when talking about changes in slope in the main disk of galaxies 
(the subject of this paper) and leave 'truncation' for the features 
seen much further out in edge-on disks (see iMartin-Navarro et all 

HSU). 



Munoz-Mateos et al. 



showed that only 10% exhibited single exponential pro- 
files (Type I). Roughly 60% were found to have down- 
bending profiles (Type II) and the re maining 30% s howed 
an up-bending profile (Type III). lErwin et alj (|2008[ ) 
(EOS hereafter) performed a similar study on a sam- 
ple of 66 nearby barred, early- type disks (SO-Sb), and 
concluded that 27%, 42% and 24% of their galaxies ex- 
hibited Type I, II and III profiles, respectively; the re- 
maining 6%-7% showed a combination of Type II and III 
profiles. Double-exponential profiles are also common in 
very late- type systems. Within a s ample of 136 Im, Sm 
and B lue Compact Dwarf galaxies, iHunter fc Elmegreenl 
(|2006[ ) showed that 50 of them presented down-bending 
profiles, whereas 12 exhibited up-bending ones. The 
ubiquity of multi-sloped profiles suggests that they ei- 
ther form easily (perhaps through more than one mecha- 
nism) and/or are very long-lived; otherwise only a small 
fraction of galaxies would exhibit these features. 

The down-bending profiles exh ibit a characterist ic U- 
shaped color prof ile, both locally (iBakos et al.l[2008l ) and 
at high redshift (jAzzollini et all l2008aD . The color gets 
bluer out to the break radius, as one would expect from 
an inside-out formation scenario, and then becomes red- 
der past the break radi us. Numerical simulati o ns by 
iRoskar et all ()2008[ ) and ISanchez-Blazguez et al.l ()2009f ) 
have attributed this excess of red emission in galactic 
outskirts to radial stellar migration. According to these 
models, more than half of the old stars currently found 
outside the break radius were actually born inside it, and 
later migrated outwards. This scenario seems to be borne 
out by observations of resolved stellar pop ulations across 
the break radius in lower-i nass g alaxies (|de Jong et al.l 
I2007t iRadburn-Smith eFaLygOllD and 2D optical spec- 



tra (jYoachim et al.|[2010l[20T^ . 

Disk break s have been detected up to ^ ~ 1 
(jPered l2004f ). and studies ha ve suggested that the 
break radius increases with time (jTrujillo fc Po hlcn 20051: 
lAzzollini et al.ll2008bD . In principle, this suggests that 
these features could be intimately linked to the inside- 
out growth of galactic disks. However, the picture could 
well be different in barred galaxies. Indeed simulations 
show that bars ar e expected to grow with time (see 
I Athanassoulal 120031 and references therein), so the tem- 
poral growth of the break radius could be driven by that 
of the bar, even in the absence of a significant inside-out 
evolution of the disk itself. 

One of the first explanations for the physical origin of 
disk breaks appealed to the conser vation of angular mo - 
mentum of the infalling material. Ivan der KruitI (|1987[ ) 
showed that a collapsing gaseous sphere settles onto a 
disk with a break corresponding to the maximum spe- 
cific angular momentum of the original spherical cloud. 
However, in a more realistic scenario where gas is de- 
posited in the outer parts with varying angular momenta 
and timescales, the notion of a constant cutoff radius be- 
comes less likely. 

Moreover, angular momentum can be subsequently re- 
distributed if non-axisymmetric feature s such as bars 
form, as shown by N-body simulations (jSellwoodl 119801 : 
I Athanassoulal 120031) . Bars tend to drive material within 
the corotation radius (CR) to smaller radii, and material 
outside CR outwards, thus increasing the central stellar 
density, while flattening the disk. Interestingly, though, 
bars themselves can also give rise to radial breaks, as 



described bv lDebattista et all ()2006[ ). These simulations 
are quite demanding in terms of the number of parti- 
cles required to properly sample the outer disk, and this 
comes at the expense of u sing a rigid halo ra ther than 
a live one. In this regard, |F ovlc et al." (2008) extended 
the study of iDebattista et al. (2006) by using live halos 
and exploring a wider range of galaxy properties. They 
found that the onset of breaks seems to be governed by 
the ratio between the halo spin parameter A and the disk 
mass fraction rrid. It has been also shown that a live halo 
can absorb a substantial amount of angular momentum 
from the bar ([Athanassoulal l2002l ) —in fact much more 
than the tenuous outer parts of the disk— which will in 
turn affect the bar properties, as well as the angular mo- 
mentum absorbed by the outer disk. A live halo might 
therefore modify the results of simulations quantitatively, 
but perhaps not qualitatively. 

If the break is linked to the bar then it will be inside its 
Outer Lindblad Resonance (OLR). Howev er, if the bar 
drives a spi ral by no n-linear mode coupling (Tagge r et al.l 
[1987 : Sy gnet et al.|[l988) , then the break should f orm in- 
side the OLR of the spiral ([Debattista et al.|[2006D . which 
is located further out than the bar OLR, as the spiral 
pattern speed is lower than that of the bar. Interest- 
ingly, recent simulations also show that under a bar- 
spiral coupling, brea ks can also form at the spiral CR 
([Minchev et al.l [2 01 21) . Finally a break can come from 
manifold-driven spirals, in which case its radius is not 
linked to the outer resonance o f the spiral, but is n ever- 
theless located not far from it ([Athanassoulal [20121 ) . 

From an observational point of view, E08 found that 
the break radius in many down-bending profiles is lo- 
cated at 2 or 3 times the bar radius, and thus proposed 
a possible connection with the OLR. This is based on 
the fact that outer rings, which have been traditionally 
associated with the OL R, have a radius around tw i ce the 
bar radius (iKormendvl [l979t lAthanassoula et aLl 119821 : 
iButa fc CrockeiJll993f ). The real picture, however, can 
be substantially more complicated since the precise loca- 
tion of resonances depends on the pattern speed of the 
bar (and spiral arms if sufficiently massive) and the rota- 
tion curve of the galaxy, both of which may change over 
time. 

In contrast to the angular momentum framework, some 
studies favor star formation thresholds as a likely culprit 
for disk bre aks. If there is a critical gas threshold for star 
formation ([Kennicuttlll989t ). then this may give rise to 
a break in the radial profiles. However, the discovery of 
extended UV emis sion well beyond the ma i n optical disk 
of many galaxies ([G il de Paz et al.' '2005!; iThilker et al.l 
I2005t iZaritskv fcCh ristlein 2007) challenges this v iew. 
According to the survey by IThilker et al.l ([2007( ). in 
roughly 20% of nearby galaxies this extended emission 
is in the form of structured star-forming knots at ex- 
treme radii; other disks (around 10%) present abnor- 
mally large and uniform areas with very blue UV-nIR 
colors, alth ough not so far from th e main disk. A follow- 
up study bv lLemonias et al1([2011t ). using a larger sample 
and a slightly different classification scheme, found the 
incidence of XUV-disks to be below but close to 20%. 

The existence of star formation activity at such ex- 
treme radii in some galaxies also implies that, at least 
in these cases, the break radius might not necessarily 
correspond to the material with the maximum angular 
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momentum. As shown by IChristlein fc Zaritskvl ()2008[ ). 
the rotation curve probed by star-forming knots up to 
twice the optical radius seems to be flat, meaning that 
this material has large angular momentum. Star for- 
mation in the outskirts of disks could be triggered by 
turbulent compression; together with other mechanisms 
driving star formation in the inner parts, this might ac- 
tually yield down-bending profiles (jElmegreen fc Hunted 
1200 6). Thus, depending on whether the galaxy has an ex- 
tended gas disk or not, and where the transition between 
the inner and outer gas profiles takes place, the super- 
position of these different mechanisms can lead to either 
down- or up-bending profiles. In this context, XUV-disk 
host galaxies are likely the ones with the shallowest outer 
gas profiles. Even in these extreme cases a secondary 
outer truncation might be present due to a star forma- 
tion threshold associated with either a sharp decrease in 
the gas density or decrease in the efficiency of star for- 
mation mechanism at larger radii. 

While resonances and/or star formation thresholds are 
normally invoked to reproduce down-bending profiles, 
up-bending o nes are often explain ed through external 
mechanisms. lYounger et al.l (|2007| ) showed that minor 
mergers can yield up-bending profiles: gas inflows to- 
wards the center of the galaxy would steepen the inner 
profile, while the outer one would expand as angular mo- 
mentum is transferred out wards during the int eraction. 
Apart from minor mergers. lMinchev et al.l (|2012[ ) demon- 
strated that smooth gas accretion can also lead to a flat 
outer disk, creating not only pure up-bending profiles 
(Type III) but also composite ones (Type II -I- III). 

Going back to down-bending profiles, amongst the dif- 
ferent mechanisms that can produce and/or modify this 
kind of breaks, bars should receive special attention. 
Their non-axisymmetric potentials induce radial transfer 
of gas, stars and angular momentum, which can lead to a 
substantial rearrangement of the disk structure. Param- 
eters like the break radius or the ratio between the inner 
and outer disk scale-lengths are therefore expected to be 
different in barred and unbarred galaxies, and perhaps 
correlated with properties of the bar such as its length 
or clhpticity. 

There is consensus that the bar fraction in 
the loca l universe is around 'y 65% in th e in- 
frared (lEskridge et al.l 120 00': 'Knapen et al.' '2000!; 
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2002 : 
Marinova fc Joged \20oW . 



Menen dcz-Delmcstre et al. 2007; 
Trends of the bar fraction 



with mass, color, morphological type and environ- 
ment have been also reported in the literature (see, e.g. 



Nair fc Abrahamll2010l:rMasters et aT1l2011l:lSkibba et al.l 



20121 and references therein). Moreover, it has been 
shown that the redshift evolution of the bar fraction is 
strongly dependeii t on the total stellar mass of galaxies 
(jSheth et al.l 120081) . The bar fraction for massive disks 
is roughly constant up to z ~ 0.8, but it declines con- 
siderably with increasing redshift for low mass galaxies. 
Simulations show that the bar instability grows faster 
if the dis k is dynamically cold and/or rotationally 
supp orted (jAthanassoula fc SellwoodI Il986t ISheth et al.l 
l2012f) , and therefore this differential evolution of the bar 
fraction has important implications for the assembly 
of galactic disks. In particular, if bars are responsible 
for disk breaks, and given that low-mass disks seem 
to have acquired their bars only recently, it is worth 



investigating whether this translates into systematic 
variations of the break properties (radius, scale-length 
ratio, etc) as a function of stellar mass. 

Previous studies on disk breaks at low and high red- 
shifts have relied on rest frame optical images. Probing 
galactic structure through optical light profiles is ham- 
pered by the radial variations in dust content, metallicity 
and mass-to-light ratio, all of which can make the derived 
properties of disks significantly different from those of the 
underlying old stellar population. In order to overcome 
these limitations, here we rely on th e Spitzer Survey o f 
Stellar Structure in Galaxies (S^G ISheth et al.ll2010( ). 
a census of more than 2300 galaxies within 40 Mpc im- 
aged at 3.6 /zm and 4.5 /xm. The S^G dataset probes stel- 
lar surface densities as low as IMopc^^, and therefore 
constitutes an ideal benchmark to study the outskirts 
of galactic disks. Given the large number of galaxies 
included in the survey, subsets of several hundreds ob- 
jects can be easily assembled after slicing the parent sam- 
ple according to different selection criteria, thus provid- 
ing unprecedented statistical power at these wavelengths. 
Here we present a first analysis of disk breaks for a sam- 
ple of more than 200 face on disks, with stellar masses 
greater than ^ 2 x 10^ Mq. 

The paper is organized as follows. In Section [2] we de- 
scribe the selection criteria used to assemble our sample 
from the parent S^G survey. Section |3] deals with the 
technical aspects of the analysis; in particular, we detail 
the data processing and profile measurement ( §3.ip . the 
classification of disk profiles f §3.2|) . and the measurement 
of the properties of disks f H3.3p and bars ( ^13.4^ . The 
main scientific results are discussed in Section |4l and we 
summarize our main conclusions in Section [5l 

2. SAMPLE SELECTION 

The full S^'G sample comprises of a total of more than 
2300 nearby galaxie s. They were select ed from the Hy- 
perLEDA database (jPaturel et al.l[2003l ) according to the 
following selection criteria: radio-derived radial velocity 
Wradio < 3000 km/s (which corresponds to d < 40 Mpc 
for Hq = 71kms"H/Ipc~i), Galactic latitude |6| > 30°, 
total corrected blue magnitude mB^„i < 1^.5 and blue 
hght isophotal diameter £)25 > 1-0'. 

For the present work we started with the 827 galax- 
ies that were processed first through the S'*G pipelines 
(mosaic construction, object masking and ellipse profile 
fitting, see Section [3TT|) . On this subset of galaxies we 
applied three selection cuts based on morphology, stellar 
mass and inclination. We selected only disk-like galaxies 
ranging from SO's to Sd's (that is, having numerical types 
— 3 < r < 7), using the optical morphological types com- 
piled in HyperLEDA. Sdm and Sm galaxies, while still 
exhibiting a spiral disk, usually present a patchy and 
asymmetric morphology that complicates the measure- 
ment and interpretation of radial profiles, so they were 
left out from our sample. 

We also decided to restrict our analysis to a well 
defined range in stellar mass. Global properties of 
galaxies such as color, star formation rate, stellar age, 
metallicity, gas fraction, etc., vary with both the total 
stella r mass and the morpho l ogical type (Bosclli 'et al.l 
1997; Kauffmann et al. 2003; 'Brinchmann et al. 200^; 
Tremonti et al.. .2004: .Schiminovich et al.. .2007.) . How- 
ever, the trends seem to be tighter and better defined 
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when plotted against stellar mass, hinting that this is 
the main parameter that, at least to first order, governs 
most of a galaxy's evolutionary path. Also, basing our 
analysis on the stellar mass —or a reasonable luminosity 
proxy— makes it easier to compare our results with those 
at higher redshifts, where morphological studies are chal- 
lenging, because of both coarser resolution and intrinsic 
departures from the classical Hubble types. 

To that aim, here we use the 3.6 /im luminosity as 
a stellar mass tracer. It is worth noting that sources 
other than old s tars might contamh iate the emission at 
this wavelength. iMeidt et al.l (|2012t ) were able to isolate 
the old stellar light in a test sample of six S'*G galaxies, 
by applying an Independent Component Analysis to the 
corresponding 3.6 and 4.5 /im images. They concluded 
that hot dust and Polycyclic Aromatic Hydrocarbons to- 
gether may account for 5 to 15% of the total int egrated 
light at 3.6 ^m (see also IZibetti fc Grovesll20li] ). while 
intermediate-age stars with low mass-to-light ratios do 
not contribute more than 5%. These values are low 
enough so as not to compromise the usefulness of the 
3.6 /im luminosity as a stellar mass proxy. 

Absolute magnitudes at 3.6 /xm were computed from 
the asymptotic apparent magnitudes obtained with our 
pipeline (see Section [O]) . Whenever possible, we relied 
on the mean redshift-independent distances provided by 
the NASA Extragalactic Database (NED). In the absence 
of these values, we estimated the distance to each galaxy 
from its radial velocity Uradio and our adopted Hq. We 
retained only galaxies with Ma.g/xm (AB) < —18 mag. 
Us ing the stellar mas s-to-light ratio at 3.6 /im derived 
bv lEskew et al.l ()2012[ ) (see Appendix El), our magnitude 
cut selects galaxies with stellar masses larger than ^ 2 x 
IO^Mq. 

Finally, we required our galaxies to be at least moder- 
ately face-on, having an axial ratio b/a > 0.5 {i < 60°) 
at /i3.6/im — 25.5 AB mag arcsec"^, which we take as 
our fiducial surface brightness level for the outer parts 
of disks. In more inclined galaxies, the shape of the 
isophotes can be strongly distorted by the vertical struc- 
ture of the disk, bulge and stellar halo, thus precluding a 
straightforward interpretation of the light profiles. More- 
over, in order to investigate the role of bars in shaping 
disk breaks, we need to obtain the deprojected values of 
properties such as bar length or its ellipticity; by focus- 
ing on galaxies close to face-on we minimize the impact 
of errors in the assumed inclination angle. 

After applying these three selection criteria we are left 
with 248 galaxies. After a visual inspection, we removed 
30 galaxies that were not suitable for our analysis. These 
mostly include highly-inclined early-type disks such as 
the Sombrero galaxy, whose low axial ratios are due to 
the spheroidal component. We also removed some highly 
disturbed galaxies like NGC 0275, as well as galaxies 
whose radial profiles are unreliable due to very bright 
foreground stars in the field of view (such as NGC 6340). 

Our final sample thus contains 218 galaxies, including 
both barred and unbarred ones, whose main properties 
are quoted in Table [T] Figure [T] shows the distribution of 
morphological types and absolute 3.6 fiia magnitudes in 
both the parent sample of 827 processed galaxies and the 
final sample. The images and profiles of these galaxies, 
together with quantitative measurements of their struc- 
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Fig. 1. — Distribution of Hubble types and absolute magnitudes 
at 3.6 /im. The parent sample of 827 galaxies with fully redueed 
and proeessed data is shown in gray, whereas the final sample of 
218 face-on disks is shown in black. 



tural properties, are presented in Appendix [Bl 

3. ANALYSIS 
3.1. Data processing and profile measurement 

A description of the diff erent parts c o mpris ing the S^'G 
pipeline is presented by ISheth et al.l ()2010[ ). Here we 
make use of the science-ready images produced by our 
Pipeline 1. These images are fiux-calibrated in units of 
MJysr~i. The FWHM of the PSF is 1.7", which maps 
to a physical scale of 170 pc at the median distance of 
our subsample of 218 galaxies (21 Mpc). Masking all rel- 
evant foreground stars and background galaxies is essen- 
tial in order to obtain reliable profiles that reach low 
surface brightness levels. Object m asks are produced 
by ou r Pipeline 2 using SExtractor (jBertin fc Arnouta 
Il996f ). and are later visually checked and edited by hand, 
masking or unmasking pixels as needed. 

Here we describe Pipeline 3, which measures the sky 
level and noise, and obtains radial profiles of surface 
brightness, position angle (PA) and ellipticity (e). We 
measure the sky in two concentric and adjacent elliptical 
rings around the galaxy. The major diameter of the in- 
nermost ring is initially set by default to 2 x D25, but this 
value can be modified as needed, depending on the spa- 
tial extent of each galaxy and the available background 
area within the field of view. Each annulus is then az- 
imuthally subdivided into 45 sectors which serve as "sky 
boxes" . These boxes are grown outwards, avoiding the 
masked areas, until they contain 1000 unmasked pixels 
each. We then compute the median sky value within each 
box. Should there be any significant difference between 
the sky value in the inner and outer annuli, we readjust 
the radii of the elliptical annuli accordingly. The goal 
is to minimize the contamination from the galaxy itself, 
while still ensuring that the derived background value 
is representative of the area of the sky where the galaxy 
lies. In those problematic cases where this method yields 
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unreliable results, the sky boxes are placed by hand. 

Taking the galaxy coordinates from LEDA as input, 
we fit the centroid of each source using the IRAF^ 
task IMCENTROID. Using these new and more accu- 
rate central coordinates, we run the task ellipse to 
get radial profiles of surface brightness, ellipticity and 
position angle, keeping the center fixed. We perform 
a first run with a coarse radial step of 6", and de- 
termine the ellipticity and PA at a surface brightness 
level of 25.5 and 26.5 AB mag arcsec"^. The values at 
25.5 AB mag arcsec^^ are typically robust enough against 
variations in, e.g., the sky level or the degree of mask- 
ing, so we adopt them as representative of the shape of 
the outer parts of our galaxies. A second ellipse run is 
then performed, keeping the ellipticity and PA fixed to 
these outer values, and using a finer radial increment of 
2" that better matches the FWHM of the PSF. This is 
the fit that we use to measure disk breaks. A third fit 
with a step of 2" but free ellipticity and PA is also per- 
formed; we use this third fit to determine the properties 
of bars (length, ellipticity and PA) . 

The uncertainty in the surface brightness is 
computed following the m etho dology described in 
iGil de Paz fc Madorel ()2005D and iMufioz-Mateos et al.l 
(2003). There are two main sources of error at each 
radius: Poisson noise in the incoming flux and errors 
in the determination of the sky level. The former is 
derived by replicating the ellipse measurements on the 
IRAC coverage maps, to take into account that the 
effective gain might vary spatially, depending on the 
mosaicking pattern. The uncertainty in the sky level, 
on the other hand, comprises pixel-to-pixel noise as 
well as large-scale background variations. These values 
are computed from the rms within and among the 
different sky boxes, respectively. Large-scale variations 
constitute the dominant so urce of error in the outs kirts 
of our galaxies (see also IComeron et al.l l2011al and 
iMartin- Navarro et al.|[2012D . 

An additional correction needs to be applied to the 
surface photometry, in order to account for both the ex- 
tended emission of the PSF and the scattered light on 
the detector. According to the IRAC handbook'^, if i^obs 
is the total flux inside an elliptical aperture with major 
and minor radii a and 6, then the aperture-corrected flux 
can be obtained as: 



i^corr(rcq) = i^obs(r-eq) X [Ae ''■-■i + C) 



(1) 

where r^q — yob is the equivalent radius of the aperture 
in arcseconds, and the constants A, B and C are equal 
to 0.82, 0.370 and 0.910, respectively, for the 3.6 /xm 
band. The uncertainty in this correction is estimated 
to lie within 5% to 10%. 

Again, this expression is only valid for the total flux 
inside an aperture. In order to obtain an analogous ex- 
pression for the surface brightness along a given isophote, 
^corr, we can simply apply a series expansion to Eq. [TJ 

/coiT(?-cq) =/obs(roq) X (Ae"''<=l + C) - 

-ASrfq-2e-<Fob.(roq)/(2^) (2) 

^ IRAF is distributed by the National Optical Astronomy Ob- 
servatories, which are operated by the Association of Universities 
for Research in Astronomy, Inc., under cooperative agreement with 
the National Science Foundation. 

^ |http : //ssc . spltzer . caltech ■ edu/lrac/calib/extcal/ 1 



Note that for large apertures, Fcorr — C x Fobs and 
/coir — C X Jobs, but here we explicitly use Eqs.[T]and[2] 
at each radius. 

The surface brightness can be then computed as: 

Mcorr(AB mag arcsec^'^) — —2.5 log[/corr (MJy str^^)] + 

+ 21.097 (3) 

where the zero-point has been computed accordin g to 
the s tandard definition of the AB magnitude scale ( Okd 
[1971 . 

As a byproduct of the surface photometry, we also ob- 
tain the asymptotic magnitude for each galaxy, that is, 
the magnitude that we would measure with a hypothet- 
ically infinite aperture. We do so by calculating m(r), 
the total magnitude within a radius r, as a function of 
the local magnitude gradient, dm[r)/dr. In the outer 
parts of galaxies, these variables are linearly related; we 
therefore apply a linear fit and take the y-intercept —the 
magnitude at a null gradient— as our asymptotic magni- 
tude. 

3.2. Classifying disk profiles 

F ollowing the scherne laid out by previous work (see, 
e.g.. lPohlen fc Truiilloll2006l EOS and references therein), 
we divide our profiles into three main broad categories: 
Type I (single exponential). Type II (down-bending) and 
Type III (upbending). In Fig. [2] we show individual ex- 
amples of each of these types. Type I profiles require 
no further explanation; more details on Type II and III 
profiles are given below. 

3.2.1. Type II profiles 

These profiles are characterized by a break beyond 
which the profile becomes steeper. In other words: the 
radial scale-length of the outer disk is shorter than that 
of the inner one. In most cases, the break lies in the outer 
parts of the disk and, in particular, outside the radius of 
the bar, should there be one. Following EOS, we refer to 
these profiles as Type II. o ("outer"). On the other hand, 
some barred galaxies exhibit a break which is so close 
to the bar radius that the profile actually looks purely 
exponential. However, when extrapolating this exponen- 
tial towards the central regions, the result overpredicts 
the actual surface brightness of the bar and/or the bulge 
(Fig. [2]). This is in contrast to genuine Type I profiles, 
where the extrapolated exponential always lies below the 
bar and bulge components. To distinguish between these 
two cases, these "inner" breaks are denoted as Type II. i. 

EOS went one step further and subdivided Type II. o 
profiles of barred galaxies into two categories, depend- 
ing on their presumed physical origin. When the breaks 
were found between 2 or 3 times the bar radius, they 
referred to them as Type II.o-OLR, since they could be 
potentially linked to the Outer Linblad Resonance. If, 
however, the breaks were further out, they labelled them 
as Type II.o-CT profiles, since they seemed to be more 
similar to the "Classical Truncations" found in unbarred 
galaxies. While physically motivated, here we prefer to 
defer these interpretations to the Analysis section (in 
particular, Section [4.3|) . where a more quantitative com- 
parison between the properties of breaks and bars will 
be presented. 
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Fig. 2. — Sample profiles showing the different morphologies of 
our profiles: single exponential (Type I), down-bending (Type II) 
and up-bending (Type III). The vertical dot- dash ed lines show the 
lower and upper limits to the bar size (Sect. \3A^ . but these three 
types are present in unbarred galaxies as well. In Type II barred 
galaxies, the break can be at or inside the bar radius (Type II. i) or 
outside it (Type II. o). Dashed lines show fits to each component 
of the disk profile. 



this particular purpose we employ the profiles measured 
with fixed ellipticity and position angle and a 2" radial 
increment. The simplest case is that of a Type I profile, 
where we apply a linear fit to the disk-dominated region: 

I{r)^Ioe-'/''^fi{r)^fio + 1.086^ (4) 

where fiQ is the central surface brightness of the disk 
and h its exponential scale-length. The inner boundary 
of the fitted region is set to exclude the bulge, as well as 
the shoulder of the bar, should there be one. The outer 
boundary is tuned according to the uncertainty in the 
surface brightness, to prevent spurious features and/or 
errors in the sky subtraction from biasing the fit. In 
practice, for each galaxy we compute a critical surface 
brightness value /icrit beyond which the uncertainty in 
the light profile exceeds 0.2 mag arcsec"^. We typically 
place the outer boundary around the radius where this 
surface brightness is reached. 

Type II and III profiles require a more sophisticated 
approach. In order to simultaneously fit the inner and 
outer disks, we rely on the broken exponential function 
proposed by EOS: 



3.2.2. Type III profiles 

Unlike Type II profiles, where the light distribution 
bends down beyond the break radius, Type III profiles 
exhibit a flatter slope outside the break. It should be 
noted, however, that the stellar haloes of early-type disks 
might contribute significantly to the light emitted in the 
outer parts of these galaxies, and these should be dis- 
tinguished from the ones caused by a shallower scale- 
length of the outer disk itself. Besides, IComeron et alj 
(|2012l ) showed that the thick disk component with a flat- 
ter scale-length than the thin disk can also lead to up- 
bending profiles. 

In moderately inclined galaxies, the ellipticity profile 
is of great help here: if the ellipticity drops in the outer 
parts, the upbending is most likely due to the spheroidal 
component, which is rounder than the disk seen in projec- 
tion. Following EOS, we denote those profiles as Type III- 
s ("spheroidal"). On the contrary, if the ellipticity re- 
mains roughly the same beyond the break radius, then 
we are probably witnessing a change of slope of the disk 
itself, and therefore name these profiles as Type Ill-d 
("disk"). 

This method cannot be applied in galaxies close to 
face-on, where the ellipticity remains low throughout the 
whole profile. However, if we see structured emission 
in the outer parts of these galaxies, we consider these 
profiles to be Type Ill-d as well. Also, besides the el- 
lipticity signature, the breaks in Type Ill-d profiles are 
usually sharper and better defined than in Type III-s 
ones, where the transition between the inner and outer 
slope is smoother and more gradual. 

A detailed analysis of Type III profiles is left for future 
papers but, for completeness, the galaxies in our sample 
exhibiting this kind of profile are also quoted in Table [H 

3.3. Measuring the properties of disk breaks 

In order to characterize the properties of our disk pro- 
files we follow a methodology similar to that established 
by previous authors in the field. As described before, for 



/(r) = 5/oe" 



1 + e"^''^"'^'"^ 



(5) 



Here, hi and ho are the scale-lengths of the inner and 
outer disks, respectively, /o is the central intensity of the 
inner disk and i?br is the break radius. The coefficient a 
determines the sharpness of the break, with low values 
corresponding to a smooth transition between the inner 
and outer disk, and high values yielding a sharper break. 
The scaling factor S is defined as'': 



S 



1 



-Q-Rbr^ 



(6) 



An example of such a fit is shown in Fig. [3] for 
NGC 0936. We first identify the inner and outer por- 
tions of the disk profile, and delimit them with two points 
each (shown here as small squares). Again, the innermost 
limit of all is set to avoid contamination from the bulge 
and bar, whereas the outermost one is placed in general 
around fJ-crit- We then apply individual linear fits to each 
portion of the profile separately. From these we get ini- 
tial estimates for both slopes and y-intercepts, as well as 
for the break radius (from the intersection of both fits) . 
The resulting values are then used as input guesses for 
the parameters in Eq. [SJ which is fitted iteratively to all 
data-points bracketed by the innermost and outermost 
boundaries, using a Levenberg-Marquardt algorithm. 

The final values of the fitted parameters might depend 
on our particular placement of the four range delimiters, 
as well as on the accuracy of the sky subtraction. In or- 
der to get a handle on the uncertainties that these factors 
might introduce, we proceed in a Monte Carlo fashion. 
For a given profile we generate 1000 simulations, in each 
one of which both the range delimiters and the sky value 
are randomly modified at the same time. The delimiters 
are shuffled around their central positions following a uni- 
form probability distribution, with a half-width equal to 

'^ Note that the definition of S in EOS (their Eq. 6) contains 
a small typo: the order of the 1/hi and 1/ho terms should be 
reversed. 
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Fig. 3. — Sample fit of the broken exponential function to the 
light profile of NGC 0936, showing the nomenclature used through- 
out the paper. The profile itself is shown as a thick black line, 
whereas the thinner lines above and below it show the iblcr uncer- 
tainty. The four squares delimit the inner and outer portions of 
the disk, from which initial guesses of the slopes and central sur- 
face brightnesses are obtained. Their error bars delimit the range 
used in the Monte Carlo simulations. The best-fitting broken ex- 
ponential described by Eq. [5] appears in red. Even though this 
red curve is plotted spanning the whole radial range, the fit itself 
is done only between the first and fourth square points. Dashed 
lines show extrapolations of the inner and outer disks. The dotted 
line marks the critical surface brightness level fici-it , beyond which 
Afi > 0.2magarcsec~^. Finally, vertical dotted-dashcd lines mark 
the minimum and maximum of our estimates of the bar radius 
(Sect. [33)1. 



±0.05 X i?25.5- This interval is shown in Fig. [3] as hor- 
izontal error bars. In some cases this might place the 
innermost delimiter somewhat inside the bulge- or bar- 
dominated region of the profile, but we do actually want 
to include this in the error budget. Also, note that by 
using a fractional value of the total disk size, we allow for 
a proportionally larger margin of error in galaxies with 
larger apparent sizes. As for the sky level, we draw ran- 
dom values from a gaussian distribution whose standard 
deviation matches the large-scale background rms mea- 
sured in the image (as explained in Section [SH]), which is 
the main source of uncertainty in /i at large radii. After 
automatically fitting each simulated profile, we end up 
with a set of 1000 values for each one of the structural 
parameters. Out of these distributions we get the cor- 
responding upper and lower la uncertainties, which are 
quoted in Table [2j 

3.4. Measuring bar properties 

The potential impact of a bar in shaping a galactic 
disk might depend, at least to first order, on its length 
and its strength. Longer bars have access to more ma- 
terial within the disk, and can therefore be responsible 
of galaxy-wide radial rearrangement of both stars and 
gas (that in turn might eventually be converted into new 
stars). Bar strength, on the other hand, measures the 
non-axisymmetric torque exerted by the bar. It is usu- 
ally defined as the ratio between the maximum tangential 
force normali zed by the mean ax isymmetric radial force 
inside fComb es fc Sanders! Il981t ). Obtaining the bar 
strength directly from this definition requires a detailed 
evaluation of the gravitational potential of the galaxy. 
This can be done from a galaxy's IR image, provided 



that some assumptions on the mas s-to-light ratio and 
disk scale-height are made (see. e.g..[Quillen et al.lll994t 
iButa fc BlocM IMlt iLaurikainen fc Said 120021) "^ Such 
an analysis is beyond the scope of this paper; how- 
ever, it has been shown that the maximum bar cllip- 
ticity constitutes a reasonable proxy for the ba r strength 
(jLaurikainen et all 120021 : IComeron et al.l |2010D . In gen- 
eral, bars with larger ellipticities tend to be stronger and 
exert greater torques. 

Several methods and criteria have been proposed by 
different authors to identify bars and measure their 
structural properties (length, ellipticiy and PA). Among 
the most widely used technique s are those based on 
ellipse fitting f Wozniak et al.|[l99 5: Kna pen et all 120001: 
Athanassoula & Misiriotis 2002; Laine et al. 2002; ?; 
Sheth et al. 2002: Erwin 2005: Gadotti et al. 200?! : 
iMenendez-Delmestre et al.l 120071) . Other method- 

ologies have also been us ed extensively, s uch as 
direc t visual measureme nts (|Kormendvl 119791 : iMartinI 
11995"; Hovlc et al. 1201 It). 2D i mage decompositions 
tPrieto et al. 2001: iPeng et al.l 120021: fde Souza et all 



f 



20041: I Laurikainen et all 12005): iReese et al.l 120071 
Gadottil 120081: Kim e t al 20 12., in prep.), Fourier 



analy sis (lOhta et al.l 119901 : lElmegreen fc Elmegreen 



1985; 



'But a et al.l 1200a: [ Athanassoula fc Misiriotis 
2002t iLaurikaine n et aP l2007fl and cuts alo n g the 
bar major axis (JAthanassoula fc MisiriotisI 120021 : 
lElmegreen fc Elmegreenlll985D . 

Here we rely on our radial profiles to determine the 
structural properties of bars. Figure|4|depicts the typical 
signature left by a bar on the ellipticity and PA profiles. 
Within the bar region, the ellipticity increases monoton- 
ically and then decreases by Ae > 0.1 as the isophotes 
begin to probe the disk. The position angle, on the other 
hand, remains roughly constant along the bar (except 
perhaps at the center), and then changes by APA > 10° 
at the bar ends. How abrupt these changes in e and PA 
are depend on how the spiral arms merge with the bar 
ends, as well as on the orientation of the bar relative to 
the projected disk f see IMenendez-Delmestre et al.l [20071 
for examples and a detailed discussion). 

Bars in our sample were identified by simultaneously 
inspecting the images and profiles for each galaxy, look- 
ing for the signatures described above. Those cases 
where the presence of a bar was dubious were tagged 
as "candidate bars" . These usually correspond to cases 
where the profiles exhibit a signature reminiscent of 
that of a bar, but where the image does not convinc- 
ingly confirm its presence. In particular, some late-type 
disks exhibit elongated structures that may result from a 
chance alignment of a few bright HII regions. Also, non- 
axis ymmetric bulges may be present in many galaxies 
(e.g. iZaritskv fc LolligSl 

After several trials and experiments, and building on 
previous work, we decided to settle on four different mea- 
surements of the bar radius based on the ellipticity and 
position angle profiles: 

1- Oe max, the radius where the ellipticity of the bar 
is maximum. 

2. tte min, the radius where there is a local minimum 
in ellipticity after the previous maximum. 



3. flAe 



the radius where the ellipticity drops by 
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Fig. 4. — Signature left by a bar in the ellipticity and position angle profiles. The top-left panel shows the 3.6 /^m image of NGC 0936 
with the ellipse fitting results overlaid with a spacing of 2" along the major axis between adjacent isophotes. The ellipticity and position 
angle profiles are displayed to the right; the thin lines above and below each profile show the itlcr fitting error. The four estimations of the 
bar radius described in the text are marked with vertical dashed lines, and the corresponding four ellipses are overlaid in the bottom-left 
panel. 



0.1 with respect to the maximum one. 

4. aAPA=io°, the radius where the position angle dif- 
fers by 10° from the one at a^ max- 

These four me asurements are shown in Fig. |4l Some 
observations ( e.g.lWozniak et aLlll995D and N-b ody sim- 
ulations (e.g. lAthanassoula fc MisiriotisI I2002D suggest 
that a^ max underestimates the true radius of the bar. 
We therefore adopt a^ max as a lower limit for the bar 
radius. As for the upper limit, we take whichever of 
the three remaining measurements is smallest^. On av- 
erage, after deprojection (see below) the upper limits 
are 20% larger tha n the lower ones, in agreement with 
lErwin et al.l ([2005) . Our final bar radius for each galaxy 
is obtained by averaging the corresponding lower and up- 
per limits. The bar ellipticity and PA are assumed to be 
those at a^ max- 

All these three bar properties —radius, e and PA— 
need to be corrected for inclination to obtain the intrinsic 
face-on values. To d o so, we follow t he 2D de-projection 
method described in iGadotti et al.l ()2007l ). which yields 
the true major and minor axes and position angle of an 

"■ Note that, in principle, it would not be necessary to compute 
Ce mini since aAE=o.l will generally be smaller, almost by defini- 
tion. However, we did find a few galaxies for which the ellipticity 
drop at the end of the bar was smaller than (but very close to) 0.1. 
In these few cases, a^ min was found to be a much better measure 
of the bar radius. 



ellipse seen in projection. This constitutes an improve- 
ment over simpler methods whereby bar s are assumed 
to be one-dimensional lines. According to IGadotti et al.l 
(|2007f ). the geometrical parameters resulting from this 
analytical de-projection agree well with those measured 
on de-projected images. 

This method requires knowing the line of nodes of the 
projected disk and its inclination angle. We derive these 
values from the PA and e at 25.5 AB mag arcsec"^, as- 
suming that the outer disk at this surface brightness 
level is intrinsically circular. Note that kinematic PA 
and inclinations do not exist for such a large sample of 
galaxies, so this photometric approach is a simple yet 
necessary workaround in order to treat the whole sample 
homogeneously. 

The intrinsic thickness of the disk is not expected to 
represent an important issue here, either, because most of 
our galaxies are just moderately inclined j b/a > 0.5). If a 
galaxy is described as an oblate spheroid (lHubblelll926[ ) , 
then the "true" inclination angle i can be estimated as: 

cos^^^{q^-ql)il-q^^)-^ (7) 

where q ~ b/a is the observed axial ratio and go is the 
intrinsic one when the galaxy is viewed edge-on. Val- 
ues of (7o o± 0.2 are u sually assumed in the near-IR (e.g. 



ICourteaii et al.ll2007l in the 2MA SS bands) and the mid- 
IR (e.g.. IComeron et al.ll2011bl at 3.6 /im). For samples 
with b/a > 0.5 such as ours, disk thickness should not 
bias the assumed inclination angles by more than ~ 2°. 
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Fig. 5. — Schematic depiction of the structural properties of a 
down-bending disk, relative to a single-exponential one in a galaxy 
with the same total stellar mass. This plots summarizes the results 
of Figs. |6l [7] and |8] We show the break radius /?j,j relative to the 
isophotal radius iJ25.5 and the inner and outer scale-lengths, hi 
and ho- We also show the typical extrapolated central surface 
brightness of the inner and outer disk, relative to that of a single- 
exponential profile. 



4. RESULTS 

4.1. Global properties of down-bending profiles 

Before diving into an in-depth analysis of the effect 
of bars on light profiles, it is illustrative to first gauge 
the overall characteristics of each type of profile, regard- 
less of the presence or absence of a bar. In the fol- 
lowing subsections we describe the global distribution of 
disk scale-length, surface brightness, disk isophotal size, 
break radius and stellar density at the break. As a guide, 
the main results are schematically summarized in Fig. [5l 
which presents a simple cartoon comparison of a single- 
exponential profile and a down-bending one for galaxies 
of the same total stellar mass. 

4.1.1. Disk scale-length 

In Fig. ini we plot the disk scale-length and central 
surface brightness of Type II profiles (for both the in- 
ner and outer disk) as a function of the absolute 3.6 /.tm 
magnitude. As a reference, we compare these properties 
with those of Type I profiles. This allows us to estab- 
lish a parallelism between single-exponential and down- 
bending profiles in galaxies with the same total stellar 
mass^. The histograms to the right show the overall dis- 
tribution of these structural parameters. In the partic- 
ular case of the disk scale-length, our measurements are 
consistent with the grid of simulations of disk breaks by 
[Rjyle et al. (2008), who found inner disk-scalengths in 
the range 1-10 kpc, and outer disk scale-lengths between 
0.5-5 kpc. 

Panel (a) shows a clear correlation between disk scale- 
length and absolute magnitude. Such a trend be- 
tween galaxy luminosity (or mass) and size (as mea- 
sured by either disk scale-length or effective radius) has 
been already extensively analyzed at optical and near- 

^ Note that the total stellar mass includes the contribution of 
the bulge, should there be one. 



IR wavelengths (ICourteau fc Rixlll999l: IShen et al.ll2003l: 



MacArthur et al.ll2004HBarden et al.ll2005| : lTruiillo et ah 



2006t ICourteau et all [20071: iGadottil [20091: iDutton et al. 
201 If ). It constit utes one of th e basic scaling laws 
of ga lactic disks (Mo et al. 1998: Boissier & Prantzq^ 



20001: [Firmani fc A vila-Reese 2000. 2009: Brook et aD 
200a IDutton et al.l 2007, 2oTll : ISomerville et al.l 1200^ 
Brooks et al.l 1201 If) . Observations have demonstrated 
that the scatter in scaling laws involving disk scale-length 
is usually larger than i n other empirical law s such as the 
TuUy-Fisher relation ([Tullv fc Fished 1 1977f) . There are 
several factors that may account for this: 

1. In the particular case of h versus circular velocity, 
the latter is not usually measured at h but further 
out, in the dark matter dominated regime. 

2. The slope of the trend between disk scale- length 
and luminosity seems to vary systematicall y along 
the Hubble sequence (jCourteau et al.f[2007f) . 

3. The disk scale-length can change with time due to 
secular processes, such as inside-out growth of the 
disk or radial stellar migration. This can blur the 
connection between h and the dynamical properties 
of the halo. 

4. The scale-length of a disk does not only depend on 
the total mass, but also on the dimensionless spin 
parameter A (see below). 

5. Since most disks have more than one exponential, 
the notion of a single scale-length is simply ill de- 
fined (see below). 



Regarding issue 4, the spin parameter A (|Peeble£lll969f ) 
relates a system's angular momentum, its binding energy 
and its mass, and measures the degree of rotational sup- 
port. In general, for a given total ma ss, galaxies with 
higher values of A exhibit flatter disks ([Dalcanton et al.f 
Il997f: iBoissier fc PrantzosI l2000t ). The distribution of 
A usuall y follows a log-normal function, both in simu- 
lations (iBariies fc Ef stathiou 19 871: [M^rren et all 119921 : 
iBullock et al.ll2001l:lGardner;.200i rfVitvitska et al.ll2002 



and o bservations (iSver et aD [1 999: Hernandez et aT] 
12007": 'Berta et al.' [20081: ICervantes-Sodi et al.l l2008[ : 
Mmioz-Mateos et al] 1201 If) . The distribution peaks 
around A ~ 0.03 — 0.04, with a spread that can partly 
account for the observed scatter in disk scale-lengths for 
a fixed mass. 

To illustrate this, in Fig. [6| we overlay the trends pre- 
dicted by the models of IBoissier fc Prantzos (2000). Us- 
ing the A-CDM scaling laws as a working framework, 
these models incorporate analytical yet physically mo- 
tivated prescriptions for radially-varying gas accretion, 
star formation and chemical enrichment. For any pair 
of values of the spin A and the circular velocity Vq of 
the parent dark matter halo, the models yield the tem- 
poral evolution of the radial profiles at different wave- 
lengths. Figure [6] shows the predicted trends at 3.6 /xm 
at z = for different values of A, representative of those 
found to fit the multi-wavel ength profiles of nearby disks 
(jMuhoz-Mateos et al.ll201l[ ). By construction, the mod- 
els do not implement the formation of breaks, nor do 
they allow for radial transfer of mass. They provide an 
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Fig. 6. — Distribution of disk scale-lengths (a) and extrapolated central surface brightness (b) as a function of absolute magnitude at 
3.6 /im. Single-exponential profiles are marked with open symbols. For down-bending profiles, red squares and blue diamonds correspond 
to the inner and outer disk, respectively. The values of fio have been corrected for inclination. Median error bars are shown with the 
corresponding color. The green lines show the predictions of the models of Boissier & Prantzos (2000) (mostly valid for single-exponential 
disks) for selected values of the spin parameter A. The histograms to the right show the distribution of the corresponding parameters. 



excellent fit to the distribution of single-exponential disks 
in this diagram, and are thus a useful reference against 
which to compare down-bending profiles. 

As for item 5 in the list above, up to now the connec- 
tion between galaxy mass and disk scale-length had been 
traditionally explored by assigning a single exponential 
slope to each galaxy, even though most disks actually 
exhibit two distinct slopes. Interestingly, Fig. |B^ demon- 
strates that this trend still holds true when the inner 
and outer exponentials are considered on their own. In 
other words, in those galaxies with down-bending pro- 
files, both the inner and outer disks become shallower 
in more massive galaxies. Moreover, even though there 
is some degree of overlap, single exponential profiles de- 
fine a clear boundary in this plot. The inner slope of a 
Type II disk will preferentially be fiatter than the slope 
of a Type I disk with the same total mass; similarly, the 
outer slope will tend to be steeper. We note that this is 
not a trivial result, as there are many hi — ho configura- 
tions that would yield the same total mass of a disk with 
a single scale-length h. 

Besides the influence of A and of secular processes men- 
tioned above, this plot also explains part of the scatter in 
the h-M trend found in previous studies. Indeed, when 
fitting a down-bending profile with a single exponential 
function, the resulting scale-length will depend on the 
radial position of the break and on the depth of the im- 
age. If the break happens at large radii, then most of 
the disk profile will be dominated by the inner disk, so 
that the fitted scale- length will be biased towards hi. 
Conversely, in those disks where the break occurs closer 
to the center, the light profile will be dominated by the 
outer exponential, thus biasing h towards ho- 

4.1.2. Extrapolated central surface brightness 

Figure O) shows the extrapolated central surface 
brightness, corrected for inclination as /icorr = Mobs ^ 
2.51og(6/a). As happened before with the scale-length, 
Type I disks again delineate an obvious boundary be- 



tween the inner and outer parts of down-bending profiles. 
For a given total stellar mass, the extrapolated central 
surface brightness of inner (outer) disks is always fainter 
(brighter) than in a similarly massive Type I disk. 

If we focus on single-exponential profiles alone, we can 
see that for galaxies brighter than ~ —20 (with stellar 
masses above 10^° Mq), ^q remains rather constant, os- 
cillating around ^ 20 ABmagarcsec"^, whereas fainter 
galaxies exhibit dimmer central surface brightnesses. 
This constancy of the central surface brightness of disks 
was already noted by Freeman (1970) (the now called 
Freeman law). The scatter in that pioneering study 
was most likely artificially low due to selection effects, 
which biased observations towards high surface bright- 
ness galaxies. However, recent studies carried out on 
much larger samples of galaxies with deeper images have 
corroborated that, albeit with large scatter, /uq is essen- 
tially independent of galaxy mass or Hubble type, except 
for the latest types. For instance, in a study of the disk 
stru ctural prope rties of roughly ~ 30, 000 SDSS galax- 
ies, iFathil ()2010( ) found that ^o ^ 20 ABmagarcsec"^ 
in the r band for early- and intermediate- type disks; 
this is fully consistent with our value at 3.6 /Ltm, con- 
sider ing that (r — 3.6/im) ar "^ .1 — . 2 for nearby spi- 
rals (jMunoz-Mateos et al.l |200^. 'Fathi| ()2010t ) also noted 
that /zo drops in galaxies with Hubble types T > 6 (Scd 
or later). We do observe the same trend in Fig.[6l where 
Type I galaxies fainter than ~ — 20 (mostly late- type 
ones, according to Fig. [T]) present indeed fainter values 

of ^0- 

The Freeman law constitutes yet another constraint 
for d isk evolution model s. In particular, the mod- 
els of iBoissier fc Prantzod (|2000l ) successfully reproduce 
the behavior of single-exponential disks (green curves in 
Fig. [6Jd). The central surface brightness increases just 
mildly with the total luminosity, as observed. Accord- 
ing to the models, most of the scatter arises from varia- 
tions in A, with high-spin disks exhibiting fainter surface 
brightness. 
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Fig. 7. — Radius where ^issfim = 25.5 AB mag arcsec"'^ as 
a function of the 3.6fj,m absolute magnitude, for both single- 
exponential disks (open circles, light histogram) and down-bending 
ones (black squares, dark histogram). 



Figure ^jp shows that the Freenian law roughly applies 
not only to single-exponential disks, but also to the inner 
component of down-bending disks. The trend is glob- 
ally shifted towards fainter values by 1-2 mags, but the 
overall shape is the same: /io,i holds roughly constant 
at ^ 21 ABmagarcsec"^ for Ma.g^m < —20 and then 
drops for fainter disks. This behavior does not seem to 
be fully mirrored in the outer disks, though, perhaps be- 
cause the scatter in /xo,o at fixed total stellar mass is 
significantly larger, around 2-4 mags. Note that the ex- 
trapolated values of ^0,0 become increasingly more uncer- 
tain in galaxies where the break radius happens at large 
galactocentric distances. In these cases, a very small er- 
ror in the slope of the outer disk can translate into large 
variations in the extrapolated central surface brightness. 
This can explain part of the significantly large scatter 
towards bright values of /zo,o- In general, the difference 
between the inner and outer central surface brightness is 
Mo,i — Mo,o '^ 1 — 6 mags, in very good a greement with 
the simulations of lDebattista et aIT()2006[ ). 

4.1.3. Disk isophotal radius 

Besides using disk scale-lengths, another approach to 
look at galactic "sizes" is through the physical radius at 
a given surface brightness level. In Fig. [7] we plot the 
radius at our fiducial level of 25.5 AB mag arcsec"^ as a 
function of absolute 3.6 /im magnitude. It can be clearly 
seen that both single-exponential and down-bending pro- 
files lie along the same sequence. This means that if 
we plot the radial profiles of Type I and II disks with 
the same total stellar mass, they will roughly intersect 
at /z ~ 25.5 AB mag arcsec"^ if the radius is in physical 
units. 

4.1.4. Break radius 

Where in the disk does the change of slope occur? In 
Fig. |8] we present the distribution of the break radius 
as a function of absolute magnitude. When expressed 
in kpc, i?br is clearly correlated with galaxy luminosity. 
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Fig. 8. — Distribution of the break radius as a function of the 
absolute 3.6 /xm magnitude. The break radius is shown in physi- 
cal units (top panel), normalized by the radius where fJ-ss/im = 
25.5 AB mag arcsec"^ (middle panel), and normalized by the inner 
(hi) and outer (ho) disk scale- length (bottom panel). Median error 
bars are shown in the middle and bottom panels (they are smaller 
than the symbols in the top one). 



ranging from roughly 3-4 kpc for faint galaxies with M^ ~ 
2 X lO^M© to above' 10 kpc for those with M* ~ lO^^M©. 

When normalizing the break radius by the isopho- 
tal diameter -R25.5, the trend with mass vanishes com- 
pletely. The distribution of data-points mildly peaks 
at i?br ^ O.8-R25.5, although the histogram clearly ex- 
hibits extended wings, especially towards smaller break 
radii. The asymmetric shape of this histogram, which 
drops more abruptly above i?br ~ 0.8i?25.5, can be at 
least partly attributed to selection effects: it is obviously 
harder to detect breaks at large radii and low surface 
brightness levels, and we tend to be more conservative 
when identifying those breaks. 

Finally, the distribution of break radii when normal- 
ized to disk scale-length (both the inner and the outer 
one) is shown in the bottom panel of Fig. |S1 Again, any 
trend with mass seems to be washed out by the scat- 
ter. When normalizing to the inner disk scale-length, 
the distribution appears to be strongly peaked, with a 
mean and rms values of i?br = (2.3 ± 0.9) x hi. The dis- 
persion is larger in the case of the outer disk, with most 
breaks clustered around i?br = (4.7 ± 1.7) x hg. Our em- 
pirical distributions of Rhi/hi and R]ji/ho are consistent 
with t hose resulting from the simulations of .Fovle et all 

(Hool). 
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Fig. 9. — Deprojected 3.6 /xm surface brightness at the break 
radius as a function of the absolute magnitude of each galaxy. The 
corresponding stellar mass surface density at the break and total 
stellar mass of the galaxy are also indicated. 



4.1.5. Stellar surface density at the break 

Do breaks occur at a well defined stellar mass sur- 
face density? Figure [S] shows the deprojected 3.6 /im 
surface brightness at the position of the break. The 
distribution is markedly broad, with no evident depen- 
dence on the total stellar mass of the galaxy. In gen- 
eral, most breaks can be found anywhere in the range 
fihi- ~ 22 — 25 ABmagarcsec"^ or, equivalently, S* ~ 
5 X 10^ — 10^ Mq kpc~ . In their simulatio ns of break 
formation and evolution, iFovle et all (|2008[ ) found that 
the total baryonic (gas -I- stars) surface density at the 
break radius typically lied between 10^ — 10® Mq kpc~^, 
whereas the gas surface density alone ranged between 
10^ - 10"^ Mq kpc"^. Subtracting the latter from the for- 
mer yields a distribution of stellar mass surface density 
at the break radius entirely consistent with our findings. 

4.2. Global properties of bars 

Now that we have broadly described the main struc- 
tural properties of down-bending profiles, and compared 
them with equivalent single-exponential ones with the 
same stellar mass, we will now proceed to investigate the 
potential role of bars in shaping these disks. We begin 
with an overview of the structural properties of bars in 
our sample. 

In Fig. [TU] we show the distribution of bar radii as 
a function of galaxy luminosity. For the sake of com- 
parison, we plot the bar radii of both single-exponential 
(open circles) and down-bending profiles (solid squares). 
In order to distinguish "candidate" bars from "genuine" 
ones, we tag the former with smaller symbols. We have 
also divided our sample in two bins of bright and faint 
galaxies, taking Ms.e^m = -20 (Af* -- IO^^Mq) as 
a limiting boundary, shown in the plot with a vertical 
dashed line. The histograms to the right describe the 
distribution of bar radii for the bright and faint galaxies 
using a dark and light shade of gray, respectively. 

Our trends between bar size and galactic mass 
are fully consistent with previous optical and 
near-IR stud i es of bars in the l o cal universe 
(|Martinl [l995l: iLaurikainen fc Said [200l lErwinI [20051: 
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Fig. 10. — Bar radius as a function of absolute 3.6 /im magni- 
tude. From top to bottom, the bar radius is shown (a): in kpc, (b): 
normalized by the radius where fJ,3.(ifim = 25.5 AB mag arcsec"^, 
(c); normalized by the scale- length of the inner disk (hi), and (d): 
by that of the outer disk (ho). Down-bending profiles are marked 
with solid squares, whereas single-exponential ones are shown with 
open circles. Small symbols are used in either case to identify "can- 
didate" bars. The histograms to the right show the distribution of 
bar radii after having divided our sample in two bins: galaxies 
fainter than —20 (light gray) and brighter (dark gray). Candi- 
date bars are included in these histograms. Note that the values 
of Rha.i/hi and R\,a.r/ho are exactly the same for Type I profiles, 
since they have a single scale-length. Median error bars are shown. 



iMenendez-Delmestre et all l2007l ) . In panel (a) we can 
clearly see that more massive galaxies also host longer 
bars. This is not surprising, though, since bar length is 
known to correlate with disk scale-length or size (e.g.. 
lElmegreen fc Elmegreenlll985[ ) and larger disks tend to 
be more massive. The linear fit in this panel corresponds 
to: 

logi?bar (kpc) = -3.920- 0.214M3.6^m (AB) (8) 

with a Icr scatter of ~ 0.23 dex. We will make use of this 
relation later in Section l4?3l when predicting the locus of 
different resonances. 

Panel (b) shows the distribution of bar radii normal- 
ized by our reference i?25.5 radius at 3.6 /im. Despite the 
scatter, a trend with mass is still visible, in the sense that 
bars in massive disks are longer relative to the overall disk 
size. The histograms demonstrate that in massive disks, 
bars typically have i?bar ^ 0.3i?25.5, while in less massive 
ones they tend to be half as lo ng, with i?bar ^ 0.15i?25.5 
(jElmegreen fc Elmegreeiilll985il . 

The trends are not so clear, but yet still present, when 
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using disk scale-length as a measuring rod against which 
to compare the bar size (panels c and d). Although with 
large scatter, bars in massive disks typically extend out 
to 0.5 — 1 X hi and 2 x ho, whereas those in low mass 
disks reach out to 0.25 x hi and 0.5 — 1 x ho- 

There is no evident difference in the distribution of bar 
radii between Type I and II disks. There is a hint from 
panels (a) and (b) that, if we restrict ourselves to faint 
disks (light histograms), bars would be '-^ 3 times shorter 
in down-bending profiles than in single exponential ones. 
This is very hard to ascertain, though, given that purely 
exponential profiles are so rare. Also, Type I disks lie in 
the upper and lower parts of panels (c) and (d), respec- 
tively, because their unique scale-length h is intermediate 
between hi and ho for a given stellar mass, as shown in 
Fig. Ha. 

4.3. The connection between bars and breaks 

Does the bar determine the radius of the break? In 
Fig.[TT]we plot the Rhr/Rhar ratio as a function of galaxy 
luminosity. This diagram demonstrates that the range 
of possible break-to-bar ratios is strongly dependent on 
the total stellar mass. Galaxies fainter than —20 (with 
stellar masses below 10^'^Mq) exhibit breaks at galacto- 
centric distances ranging from 2 to more than 10 times 
the bar radius. More massive disks, on the other hand, 
are clustered around Rhi/Rhur ^2 — 3; the very few ones 
with larger break radii tend to host bars with ellipticities 
lower than 0.5, and are thus presumably weak bars. 

From a purely observational perspec tive, this is consis- 
tent w ith the results of previous work (jPohlen fc Trujillol 
120061 EOS), where "OLR breaks" (those with i?br/i?bar -- 
2 — 3) were found to be more common in early-type 
disks, while "classical breaks" (at larger radii) were more 
abundant in late-type disks. However, we believe that 
this dichotomy might be too simple to fully encompass 
the wealth of features shown in Fig. [TT] Moreover, 
by presuming a distinct physical origin for "OLR" and 
"classical" breaks (resonances versus SF thresholds), this 
nomenclature could be clouding our understanding of the 
actual physics behind these features. 

Two particular issues should be noted in this regard: 

1. Besides the classical OLR of the bar alone, other 
resonances might be involved in creating breaks. 
There is tantalizing evidence for this in Fig. 1121 
which highlights the lower region of Fig. [TTJ This 
plot shows that the distribution of Rhr/Rhax seems 
to be bimodal, with two separate sequences of data- 
points clustering around either Rbi/Rbm ^ 2 or 
~ 3.5. This might be a tell-tale sign that more 
than one set of resonances is at play. 

2. The fact that in some cases Rhi/Rhar ^2 — 3, es- 
pecially in low-mass disks, does not necessarily im- 
ply that breaks arise from a SF-related mechanism 
rather than from a dynamical one. It is perfectly 
possible for a resonance to be found at large radii 
in these systems, as we will show. 



4.3.1. Bar- only resonances 

To address these issues in more detail, let us consider 
a disk galaxy with a given rotation curve V{r) = rD,{r). 
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Fig. 11. — Break radius relative to the bar radius, as a function 
of absolute 3.6 ^m magnitude. Filled squares and open diamonds 
correspond to galaxies with high- and low-ellipticity bars, respec- 
tively. In both cases, small symbols denote candidate bars. The 
median error bar is shown in the bottom-left part. The red solid 
curve tracks the expected locus of -RoLR/^ban assuming a realistic 
rotation curve rather than a flat one. The blue one corresponds to 
the case where the inner 4:1 resonance of the spiral pattern over- 
laps with the bar CR, and the break happens at the spiral OLR. 
The green curve shows the case where the bar CR coincides with 
the spiral ILR, with the break being again at the spiral OLR. The 
orange curve has the same coupling as the green one, but assuming 
that the break happens at the spiral CR, instead. Dashed lines ac- 
count for uncertainties in the involved variables (see text for more 
details). 
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Fig. 12. — Enlarged plot of the lower region in Fig. 1111 The 
median error in -Rbr/^bar is shown at the bottom-right part of the 
plot. 



To first order, the orbit of a star can be described as the 
superposition of a circular orbit, with an angular veloc- 
ity il(r), and a smaller elliptical epicycle around it, with 
an angular frequen cy KJr). This epicyclic fr equency is 
given by (see, e.g., iBinnev fc Tremaind 120081 and refer- 
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ences therein): 



K^ = 2n [217 + r{dn/dr)] 



(9) 



When the disk hosts a non-axisymmetric pattern, such 
as a bar or a spiral structure, that rotates as a sohd body 
with a given pattern speed i7p, several important reso- 
nances can be found. The corotation resonance (CR) 
occurs at the radius where stars rotate with the same 
angular velocity as the perturbing pattern, fl = flp. The 
Lindblad Resonances are found where a star completes 
one epicycle between consecutive encounters with the 
pattern; that is, where Qp = fl± k/m, with m being the 
multiplicity of the pattern (2 for a bar or a two-armed 
spiral). The positive sign denotes the Outer Lindblad 
Resonance (OLR), whereas the negative one corresponds 
to the Inner Lindblad Resonance (ILR). 

Under the assumption of a flat rotation curve, it 
is clear from the definition above that k = ^/2V/r, 

and therefore i?oLR/^CR = 1 + 1/^2 ~ 1.7. To re- 
late this to the bar radius, we need to assume a par- 
ticular value for TZ = i?cR/-Rbar- Several techniques 
have been developed over the years to measure this 
ratio. These inc lude, among others, the T remaine- 
Weinberg method (jTremaine fc Weinberg|ll984[). match- 
ing gas flow models with observations (ISanders fc Tubbsl 
[iQSntlLindblad et al.l[l99fil : iWeiner et al.ll20nH) and iden- 
tifying resonances with cert ain morphological features 
such as rings or dust lanes (iButal 119861: lAth anassoulal 



19921: lElmegreen et all 119921: iMoore fc Gottesman 199E 
Perez et al.ll2012[ ). Despite building on completely dif- 



ferent methodologies and assumptions, these techniques 
generally yield consistent results. They normally point 
towards 7?, ~ 1.2 ± 0.2, with the bar ending inside but 
close to corotation. This implies that i?oLR/^bar — 2, 
which can nicely explain the large number of breaks 
found at twice the bar radius, as already noted in previ- 
ous works. 

However, it is worth emphasizing that this estimate 
relies heavily on the assumption of a flat rotation curve, 
which is reasonable for massive disks, but might be quite 
far-fetched for low-mass ones, where the rotation curve 
rises gently for a large fraction of th e optical disk. In- 
deed, |Elmegree^^&i^lmegree3 11985") showed that bars 
in early-type disks extend well beyond the rising part of 
the rotation curve, whereas bars in late-type disks end 
before the velocity flattens. 

The HI Near by Galaxies Survey (THINGS; 
IWalter et al.l 120081 ) has provided HI maps of un- 
precedented quality for a representative set of nearby 
galaxies. R otation curves for these objects were 
pre sented bv Ide Blok et aD (|2008f ). and later fitted 
by iLerov et al.l (|2008D using the following analytical 
expression: 



V{r) = Vfi.til~e-^'/'-^-^) 



(10) 



where T^iat is the asymptotic rotation velocity, and rflat 
is the radial scale over which the fiat regime is reached^. 
We fitted rflat as a function of the absolute magn itude 
at 3.6 /im, taken from Mufioz-Mateos et all (j2009t ). In 
general, rflat is around 1 kpc, and increases mildly with 



^ See, e.g. JAthanassoula et all I I1982I ) for a similar derivation of 
resonance radii with a different mathematical parameterization of 
the rotation curve. 



decreasing mass. Using this information, we can build 
more realistic curves of r2(r) and K(r) tailored for each 
absolute magnitude. 

From the fit in the top panel of Fig. [10] (Eq. |8]) , we can 
get the typical bar radius for a galaxy of a given abso- 
lute magnitude. Multiplying this value by 7?, = 1.2 we 
obtain an estimate of the CR radius, which in turn yields 
the corresponding OLR radius when combined with the 
proper rotation curve for that particular absolute mag- 
nitude, as explained above. The resulting prediction of 
^OLR/-Rbar IS sliowu as a red line in Fig. [TTJ As ex- 
pected, in the limit of high-mass galaxies we recover the 
value of ^ 2 that we derived before, since in these galax- 
ies i?bar ^ '"flat- Howcver, the OLR is found further 
away from the bar in low mass disks, where the rising 
nature of the rotation curve cannot be ignored given that 

^bar < '"flat- 

The dashed curves mark the estimated uncertainty in 
this prediction, resulting from the la scatter in the in- 
volved variables, namely: 

1. Scatter in /?bar for a given Ms.g^m: ±0.23 dex 
(Fig. [101). 

2. Scatter in r gat for a given M^ ^Qp^m'- ±0.4 dex (from 
the data in lLerovet aLll2008[) 



3. Scatter in Tl: ±0.2 (lAt hanassoula 4991 
Elmegreen et al1ll996l : lAguerri et al.ii200ik ;Corsiiiil 



2om 



For simplicity, we have assumed that there is no degree of 
correlation or anti-correlation in the scatter among these 
variables. In practice, though, the dashed curves could 
be somewhat different if this assumption is not valid. 

This physically motivated model shows that at least 
part of the scatter in Rhr/ Rhm could be simply due to the 
different dynamical properties of low-mass disks. Breaks 
in these galaxies could be perfectly well linked to the 
OLR of the bar; this resonance just happens to be placed 
further away from the bar due to the rising rotation curve 
of these objects. 

An additional factor that we have not considered here 
is the fact that bars in some l ow-mass disks could be 
slow rotators, wi th TZ > lA ([Rautiainen et al.l 12005) : 
iMeidt et al.ll2009l and references therein). Large values 
of TZ in these objects would further increase the OLR-to- 
bar ratio, more than what is already depicted by the red 
curves. 

4.3.2. Coupled spiral-bar resonances 

As we mentioned before, an intriguing feature of 
Figs. [Tl] and [12| is what appears to be a second family 
of galaxies having breaks at roughly 3.5-Rbar- One pos- 
sible scenario worth exploring is the possibility that this 
r effects a coupling between the bar and spiral patterns 



iipling 

I 111 ncTl. 






("Tagger et al.''l987':'Massct fc Tagger"199 7HSvgnet et al.l 
1988; Rautiainen & Salo 1999; Quille n et al.l 120111: 
iMinchev et al.ll2011|[ ) . Such a coupling might exist if some 
resonances of the bar and spiral structure overlap. In this 
case, the radial transfer of angular momentum can pro- 
ceed further out, leading to breaks at some point inside 
the OLR of the spiral rather than the OLR of the bar. 

We can consider the case in which the inner 4:1 res- 
onance of the spiral pattern (also known as the Ul- 
tra Harmonic Resonance, UHR) overlaps with the bar 
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corotation. Under the assumption of a flat rotation 
curve, one can see that the OLR of the spiral and the 
CR radius of the bar are such that i?oLR,sp/^CR,bar = 
(1 + 1/V^)/(1 - V2/4) ~ 2.6. Again, if we suppose that 
TZ ~ 1.2, then this yields it!oLR,sp/^bar — 3.1, consistent 
with the value of Rhr/Rhai that we observe. 

As we did before in the case of a bar-only OLR, we can 
extend this result to the generic case of a realistic rota- 
tion curve, where the radial scale rflat over which the 
curve is rising depends on the absolute magnitude of the 
galaxy. The resulting predicted locus for i?oLR,sp/-Rbar is 
marked with a blue curve in Fig. [TT] Again, the dashed 
lines show the impact of the observed Icr variations in 
-Rbar, ''flat and TZ. This figure demonstrates that, at least 
in principle, resonances can account for most of the ob- 
served variations in Rhi/Rhar as a function of mass, with- 
out appealing to a different mechanism for the formation 
of the break, such as a SF threshold. This does not nec- 
essarily mean that such thresholds do not play a role 
in forming breaks, but warns against systematically dis- 
missing resonances by default whenever the break hap- 
pens at more than ^ 2i?bar- 

The particular coupling between the bar and the spiral 
pattern described above is just one of several possible sce- 
narios. For instance, if the bar CR overlaps with the spi- 
ral ILR, then the spiral OLR would be located even fur- 
ther out, as shown by the green curves in Fig. [TT] With 
this coupling, breaks would form at ~ 7i?bar for a flat 
rotation curve, and further out for a rising one. Objects 
in this area of the plot have low-ellipticity bars (some are 
even just candidate bars), so this scenario might not nec- 
essarily apply to them, but it is still a possibility worth 
considering. 

Some simulations show that under a bar-spiral cou- 
pling the brea k can form at the spiral CR rather than at 
the OLR (Minchev et al.l[2012t ). The orange curve illus- 
trates this, by assuming the same coupling as the green 
one, but placing the break at the spiral CR. The limiting 
value for a flat rotation curve (i?br — 4i?bai) somewhat 
overpredicts the break radius for most of our massive 
disks, but several of our intermediate-mass disks with 
Af, ~ 10^^ Mq and Rhi — 8i?bar could be consistent with 
this scenario. In brief, it is worth emphasizing that given 
the multiple ways in which the resonances of bars and spi- 
rals can overlap, the resulting distribution of break radii 
can be more complex than previously assumed. 

The resonant coupling between the bar and the spi- 
ral pattern discussed above has important consequences 
for the redistribution of angular momentum in galactic 
disks. In some o f their numerical simulations of disks, 
iDebattista et al.l (J2006) noted that the bar and the spiral 
were indeed coupled via an overlap of the bar CR and the 
spiral UHR, like the one we propose here. In those cases, 
they found that the disk break took place inside but close 
to the OLR of the spiral, which is co nsistent with our re - 
sults (blue curve in Fig. [TT]). Minch evfc FamaevI (j201Cl[ ) 
highlighted the impact of spiral-bar coupling in the con- 
text of radial stellar migration. They noted that the ef- 
fect of such coupling in the redistribution of angular mo- 
mentum is highly non-linear, in the sense that increasing 
the amplitude of the bar and spiral perturbers has a sig- 
nificantly larger impact than considering each perturber 
separately. As a result, this mechanism seems to be quite 



efficient in driving radial stellar migration. For simula- 
tions tuned to mimi c the p roperties of a MW-like galaxy, 
I Minchev fc FamaevI (|201Clt) found that after just ~ 3 Gyr 
the bar-spiral coupling yields the same degree of mix- 
ing for which other mechanisms such as transient spirals 
would take three time s longe r (see below) . In a follow-up 
study, iMinchev et al.l (|2012[ ) showed that this resonant 
coupling can in fact produce breaks at large galactocen- 
tric radii, without invoking star formation thresholds. 

Studies on radial migration triggered by coupling be- 
tween different patterns usually concentrate on steady 
state spirals, that is, spirals that are stable over at least 
several rotations so that they can dynamically couple 
with other patterns such as the bar. Transient spiral 
arms constitute an alternative mechanis m to driye stel - 
lar migr ation, as proposed b y iSellwood fc BinnevI (|2002f ) 
(see also lRoskar et al.ll2Q12[ ). Under this scenario, stars 
are sent from the CR of one spiral pattern to another, 
and the transient nature of the spirals prevents stars 
from being trapped at certain orbits. Nevertheless, these 
two mechanisms (transient spirals and bar-spiral cou- 
pli ng) are not necessar i ly exc lusiv e; in fact, as di s cusse d 
bv lMinchev fc FamaevI (|2010( ) and I Minchev et al.l (|2012t ) , 
due to its non-linear nature, pattern coupling works with 
both long- and short-lived spirals. 

From an observational point of view, resonant coupling 
between different patterns might be detected in actual 
alaxies using the Ra dial Tremaine- Weinberg method 
Merrifield et al.ir2006[ ). a generalized modification of the 
TW method that allows for ra dial variations in the pat- 
tern speed. [Meidt ct al. ()2009D applied this technique to 
a sample of nearby galaxies, and found indeed suggestive 
evidence for resonant coupling in some of them. Given 
the tantalizing signatures of potential pattern coupling 
seen in Fig. [TT] this kind of more detailed analysis is 
definitely worth pursuing in future papers. 

Can this scenario be applied to unbarred galaxies as 
well? Spiral structure and spiral- spiral coupling can - 
take place in the absen ce of a bar (jSvenet et al.iilQSSl : 
iRautiainen fc Salolll999t ) , so one should also consider spi- 
ral resonances as a possible mechanism for the formation 
of breaks in unbarred galaxies, besides SF thresholds. 
Such an analysis is beyond the scope of the current pa- 
per, but will be addressed in future work. 

4.4. What triggers the onset of a break? 

iFovle et all ()2008D proposed that whether a galaxy de- 
velops a break or not is largely determined by the ratio 
TTid/A, where rrid is the disk-to-halo mass fraction and 
A is the dimensionless spin parameter. In their simula- 
tions, galaxies with rrid/X > 1 ended up forming a break, 
whereas those with a low m^/\ never developed one. 

Confronting this hypothesis against observations is not 
straightforward. On one hand, computing m^ requires 
accurate rotation curves, which are only available for a 
subset of our galaxies. On the other hand, A cannot 
be directly measured from observations. While it can 
be indirectly inferred from the light profiles of galaxies 
(jMunoz-Mateos et al.l 1201 ll and references therein) , this 
requires neglecting radial stellar migration, which we now 
know can significantly reshape the light profiles of galax- 
ies and bias the inferred val ues of A. 

Nevertheless, iFovle et al.l (i2008.' ) noted that the con- 
centration index of their simulated galaxies was a rea- 
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sonable indicator of wheher a disk would develop a 
break. For each galaxy they measured the temporal evo- 
lution of C23 = 51og(r8o/?'2o): where rgo and r2o are 
the radii encompassing 20% and 80% of the total bary- 
onic mass (jKent''1985'). They found that after 5Gyrs al- 
most all galaxies with breaks had C28 > 4, whereas those 
with lower concentrations remained as single-exponential 
disks. After 10 Gyrs the concentration index separating 
broken and unbroken profiles had dropped to C28 ~ 3.5. 
In Fig. [13] we plot C28 (as measured on the 3.6 fim 
profiles) as a function of the disk scale-length for bro- 
ken profiles (filled symbols) and unbroken ones (open 
symbols). We also consider separately barred galaxies, 
unbarred ones and candidate bars. A perfect exponen- 
tial profile has C28 = 2.7, but the presence of a central 
bulge and/or bar increases this value, as can be readily 
se en here. Th i s plot should be compared with Fig. 12 
in iFovle et all (|2008[ )^. In contrast with the results of 
that study, here we do not find that C28 segregates bro- 
ken and unbroken disks. In general, we find disks with 
and without breaks both above and below the theoretical 
limit of C28 — 3.5 — 4 resulting from their simulations. If 
C28 maps md/A (at least to first order), then our results 
do not support the idea that such ratio governs the onset 
of disk breaks. 

5. CONCLUSIONS 

In this work we have carried out a detailed study of 
the radial distribution of old stars in 218 nearby almost 
face-on disks, using deep 3.6 /im images from S^G. In par- 
ticular, we have investigated the structural properties of 
disk breaks and their connection with bars, in order to 
verify whether non-axisymmetric perturbations can lead 
to the observed breaks through secular rearrangement of 
stars and angular momentum. Our results can be sum- 
marized as follows: 

• The scale- length of both the inner disk (hi) and 
the outer one (ho) increases monotonically with 
increasing total stellar mass. Interestingly, galax- 
ies with a genuine single-exponential disk have a 
scale-length which lies between those of the in- 
ner and outer disk of down-bending profiles with 
the same total stellar mass. On average we find 
hi/ho — 1 — 3, which agrees with the g rid of simu- 
lation s by iDebattista et al.l (|2006l ) and iFoyle et aD 
()2008D . among others. 

• The extrapolated central surface brightness of the 
inner (/^o,i) and outer disks (/^o,o) do not ex- 
hibit any clear trend with the total stellar mass. 
In this regard, they mimic the Freeman law for 
single-exponential disks. Again, for a given stel- 
lar mass, the central surface brightness of a single- 
exponential disk is intermediate between those of 
the inner and outer components of a down-bending 
disk. We typically measure /io,i — /io,o ^ 1 — 

* Note that these authors used the initial disk scale-length of 
their simulated disks as their x-axis, which we obviously cannot do 
with our actual galaxies. This is not extremely relevant , though, as 
the pa rameter of interest here is C28 along the y-axis. IFovle et al.l 
l|2008l ) measured this concentration index at 5 and 10 Gyrs on the 
total baryonic profiles (gas + all stars). Throughout their simu- 
lations the gas component represents a small contribution, so our 
stellar values of C28 at 3.6 fim constitute a good proxy. 



6 mags, in agreement w ith the simulations of, e.g., 
IDebattista et al.l (|2006( ). 

• The break radius ranges from 3-4 kpc for galaxies 
with M* ~ 2 X 10'^ Mq to 10-20 kpc in those with 
M* ^ 10^^ Mq. However, the trend vanishes when 
normalizing the break radius by the isophotal size 
of the disk or by the disk scale-length. On average, 
most breaks occur at Rhr = (2.3 ± 0.9) x hi and 
(4.7 ± 1.7) X ho- The stellar mass surface density 
at the break radius ranges between ~ 5 x 10^ — 
10* Mq kpc^^, with no trend with the mass of the 
host galaxy. Both the break radius and its stellar 
mass density a gree with values found in numeri 



cal simulations (IDe battista ct al. 2006; Fovle et al 



2008 : iRoskar et al., 2008.: Sanchez-Blazguez et al. 
20091 : iMinchev et al.lT20Ta ) 



• In the particular case of barred galaxies, the ratio 
between the break and the bar radii presents an 
intriguing dependence on the total stellar mass of 
the galaxy. In objects less massive than 10^'^ Mq, 
breaks can be found between 2 and ~10 times the 
bar radius. However, the scatter decreases consid- 
erably in more massive disks, where most breaks 
lie within 4 bar radii. This behavior is most pro- 
nounced when we consider only highly elongated 
bars. 

• The distribution of -Rbr/-Rbar in massive disks 
seems to be in fact bimodal. In most cases, the 
break takes place at twice the bar radius, which 
is the expected locus of the Outer Lindblad Res- 
onance of the bar, under the assumption of a flat 
rotation curve. However, there appears to be a sec- 
ond family of disks with breaks at ~ 3.5i?bar- We 
have shown that if the bar co-rotation radius over- 
laps with the inner 4:1 resonance of the spiral pat- 
tern, breaks are indeed expected to form at that 
radius, in agreement with numerical simulations 
(Dcbattista ct al. 2006). Other combinations of 
resonances can produce breaks at even larger radii. 
Such resonant coupling between different patterns 
is most relevant in the context of secular evolution 
of disks, since numerical simulations have demon- 
strated that radial stell ar migration become s more 
efficient in this case ([Minchev fc FamaevI 120101 : 
IMinchev et al.ll2011ll2012D . 

• It is normally assumed that resonances cannot be 
responsible for those breaks found at _Rbr ^ 2 x 
i?bar, and other mechanisms such as SF thresholds 
are usually invoked. However, this kind of breaks 
occur mostly in low-mass disks, where bars end be- 
fore the rotation curve has reached the flat regime. 
This tends to push the aforementioned resonances 
further out, compared to the case of a flat rotation 
curve, which is more suitable for massive disks. Us- 
ing average but realistic rotation curves as a func- 
tion of the total stellar mass, we have shown that 
resonances with the bar and/or the spiral pattern 
can account for the increased scatter in Rhtl Rhar at 
low masses. While this does not rule out SF thresh- 
olds as a break formation mechanism, it cautions 
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Fig. 13. — Concentration index of the 3.6 /^m profiles as a function of the disk scale-length. Single-exponential profiles are shown with 
open circles. Down-bending profiles are represented by two data-points each, using both the inner disk scale-length as the abscissa (black 
diamonds) or the outer one (gray squares). Galaxies have been sorted out into unbarred, candidate bars and barred. 



against discarding resonances by default whenever 
a break happens far away from the bar. 

It has been proposed that the development of 
breaks is governed by rrid/ X, the ratio between the 
disk mass fractio n and the halo spin parameter 
(jFovle et al.ll2008l ). While such quantity cannot be 
easily measured, the light concentration index C28 
has been brought forward as a reasonable proxy. 
We find, however, no connection between high/low 
values of C28 and the presence/ absence of a break. 
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APPENDIX 

MASS-TO-LIGHT RATIO AT 3.6 ^m 

Throughout this paper we have relied on the mass-to-light ratio at 3.6 /xm of lEskew et al.l ()2012l) . These authors 
compared spatially-resolved stellar mass maps of the Large Magellanic Cloud with the corresponding IRAC maps to 
derive the following calibration: 

M* _^q5.97^3.6 ( D/Mpc V 

M© Jy V 0.05 J 

or, equivalently: 

log MJMq = -O.4Af3.6As + 2.13 (A2) 



(Al) 



They also provide the following calibration when fluxes at both 3.6 /im and 4.5 /zm are available: 



-_^ ^ 105.65 -^3.6 -^4.5 

Mq Jy Jy V 0.05 



/D/Mpc 



(A3) 
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Fig. 14. — Image and surface brightness profile for NGC 0936 at 3.6 fim. The best-fitting disk model (Sect. [331 is shown as a red solid 
curve; for clarity, red dashed lines indicate the extrapolation of the inner and outer components of the profile. The position of the break 
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Galaxies in our sample exhibit a ver y narrow range of 3.6 — 4.5 colors, the average value being —0.41 ± 0.08 mags (AB). 
Substituting this value into Eq. lA3l vields: 

log Af*/MQ = -O.4M3.6AB + 2.12 ± 0.06 (A4) 

which is entirely consistent with Eq. IA2I The corresponding stellar mass surface density is given by: 

logS*(M0 kpc"2) = 16.76 - 0.4/i3.6(ABmagarcsec^^) (A5) 

RADIAL PROFILES 

To facilitate the visual inspection of the structural properties of our galaxies, in this appendix we compile the images 
and radial profiles for the whole sample, overplotting the position of the breaks and bars when present. The whole set 
of figures can be found in the electronic edition of the journal. 
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TABLE 1 

Sample. 



Galaxy 
(1) 



RA 

(hh:inrn:ss) 
(2) 



Dec 

(dd:inm:ss) 
(3) 



Morph. 
type 

(4) 



T 
type 

(5) 



Dist. 

(Mpc) 

(6) 



R25.5 
(") 
(7) 



625.; 



(8) 



PA25.5 

(deg) 

(9) 



(AB mag) 
(10) 



ESO026-001 


20 24 59.0 


-81 34 35.5 


SBc 


5.9 


19 


57.3 


0.060 


-61.9 


-18.01 


ESO027-001 


21 52 26.6 


-81 31 51.1 


SBc 


5.0 


18 


103.3 


0.245 


-9.3 


-19.80 


ESO079-007 


00 50 04.2 


-66 33 07.8 


Scd 


7.0 


25 


54.9 


0.182 


19.7 


-18.43 


ESO234-049 


20 35 18.1 


-49 51 56.7 


Sbc 


4.0 


36 


59.4 


0.130 


58.6 


-19.70 


ESO482-035 


03 41 14.8 


-23 50 13.3 


Sab 


2.2 


27 


72.5 


0.366 


1.2 


-19.17 


ESO549-018 


03 48 14.1 


-21 28 27.3 


SABc 


4.9 


26 


87.8 


0.385 


15.0 


-19.44 


ICOlOl 


01 24 08.6 


09 55 49.4 


Sb 


3.0 


44 


42.2 


0.464 


-58.8 


-19.05 


IC0167 


01 51 08.6 


21 54 45.9 


SABc 


5.0 


28 


76.3 


0.463 


-66.8 


-18.64 


IC0749 


11 58 34.1 


42 44 02.6 


Sc 


5.9 


17 


76.8 


0.107 


-52.5 


-18.98 


IC0797 


12 31 54.8 


15 07 26.9 


Sc 


6.0 


18 


73.6 


0.347 


-79.4 


-18.24 


IC0800 


12 33 56.7 


15 21 17.0 


SBc 


5.2 


33 


65.2 


0.227 


-20.1 


-19.42 


IC1158 


16 01 34.1 


01 42 28.2 


SABc 


5.1 


29 


82.1 


0.421 


-48.9 


-19.60 


IC1265 


17 36 39.4 


42 05 17.7 


Sab 


2.0 


31 


68.4 


0.424 


80.0 


-19.02 


IC1826 


02 39 04.0 


-27 26 35.8 


SO/a 


-0.6 


36 


62.9 


0.081 


-40.6 


-20.17 


IC1933 


03 25 39.9 


-52 47 07.9 


Sc 


6.1 


17 


70.8 


0.430 


54.1 


-18.35 


IC1954 


03 31 31.2 


-51 54 17.4 


SBb 


3.2 


14 


121.8 


0.441 


61.0 


-19.44 


IC2007 


03 55 22.8 


-28 09 27.9 


Sbc 


3.8 


21 


49.1 


0.380 


53.0 


-18.70 


IC2040 


04 12 59.7 


-32 33 12.2 


SO/a 


-1.1 


19 


48.1 


0.284 


65.7 


-18.24 


IC2051 


03 52 00.8 


-83 49 50.7 


SBbc 


4.0 


24 


104.1 


0.384 


72.3 


-21.14 


IC2056 


04 16 24.5 


-60 12 24.5 


SABb 


4.1 


20 


60.3 


0.129 


16.4 


-19.97 


IC4237 


13 24 32.8 


-21 08 12.8 


SBb 


3.4 


40 


74.3 


0.252 


-41.9 


-21.04 


IC5069 


21 00 10.4 


-71 48 38.3 


SBb 


3.2 


40 


40.6 


0.027 


16.7 


-19.01 


IC5332 


23 34 27.4 


-36 06 03.7 


SABc 


6.8 


8.4 


230.1 


0.022 


32.3 


-18.93 


NGC0150 


00 34 15.5 


-27 48 12.7 


SBb 


3.5 


22 


128.1 


0.481 


-72.5 


-20.73 


NGC0254 


00 47 27.6 


-31 25 18.4 


so/a 


-1.3 


17 


104.4 


0.348 


-48.3 


-19.77 


NGC0255 


00 47 47.3 


-11 28 07.4 


Sbc 


4.1 


20 


78.8 


0.084 


12.2 


-19.24 


NGC0289 


00 52 42.3 


-31 12 21.0 


SBbc 


3.9 


23 


114.8 


0.203 


-61.3 


-21.23 


NGC0300 


00 54 53.4 


-37 41 03.1 


Scd 


6.9 


2.0 


670.2 


0.328 


-65.7 


-18.08 


NGC0337 


00 59 50.0 


-07 34 34.4 


SBcd 


6.7 


20 


93.9 


0.293 


-57.9 


-20.08 


NGC0406 


01 07 24.2 


-69 52 32.1 


Sc 


4.9 


21 


97.9 


0.494 


-21.5 


-19.08 


NGC0470 


01 19 44.8 


03 24 35.7 


Sb 


3.1 


40 


93.8 


0.482 


-27.2 


-21.71 


NGC0473 


01 19 55.1 


16 32 41.2 


so/a 


-0.3 


30 


64.5 


0.338 


-25.0 


-20.20 


NGC0488 


01 21 46.8 


05 15 24.5 


Sb 


2.9 


29 


211.2 


0.175 


17.6 


-22.66 


NGC0628 


01 36 41.7 


15 47 01.1 


Sc 


5.2 


8.2 


332.8 


0.059 


-48.0 


-20.50 


NGC0658 


01 42 09.6 


12 36 06.6 


Sb 


2.9 


37 


85.2 


0.430 


26.4 


-20.59 


NGC0685 


01 47 42.8 


-52 45 43.1 


Sc 


5.3 


15 


132.5 


0.234 


-78.7 


-19.34 


NGC0691 


01 50 41.7 


21 45 36.0 


Sbc 


4.0 


36 


110.9 


0.249 


-86.3 


-21.39 


NGC0718 


01 53 13.3 


04 11 44.7 


Sa 


1.0 


21 


91.7 


0.109 


4.7 


-20.31 


NGC0723 


01 53 45.7 


-23 45 27.8 


Sbc 


4.0 


21 


46.6 


0.145 


-30.6 


-18.85 


NGC0772 


01 59 19.5 


19 00 27.6 


Sb 


3.0 


32 


225.0 


0.342 


-64.0 


-22.70 


NGC0908 


02 23 04.5 


-21 14 01.8 


Sc 


5.1 


18 


200.4 


0.495 


76.8 


-21.49 


NGC0918 


02 25 50.8 


18 29 46.7 


Sc 


5.2 


18 


125.2 


0.413 


-23.7 


-19.99 


NGC0936 


02 27 37.4 


-01 09 21.4 


so/a 


-1.2 


21 


175.1 


0.247 


-54.4 


-21.88 


NGC0941 


02 28 27.9 


-01 09 05.3 


SABc 


5.3 


21 


82.3 


0.277 


-14.8 


-18.94 


NGC0986 


02 33 34.3 


-39 02 42.0 


SBab 


2.3 


17 


137.6 


0.104 


-65.3 


-20.87 


NGC0991 


02 35 32.7 


-07 09 15.6 


SABc 


5.0 


19 


84.8 


0.054 


-41.1 


-18.97 


NGC1015 


02 38 11.5 


-01 19 07.6 


Sa 


1.0 


33 


84.9 


0.056 


-23.1 


-20.62 


NGC1022 


02 38 32.7 


-06 40 38.7 


SBa 


1.1 


18 


104.7 


0.094 


40.3 


-20.33 


NGC1042 


02 40 24.0 


-08 26 00.7 


SABc 


6.0 


10 


160.1 


0.212 


4.7 


-18.96 


NGC1073 


02 43 40.6 


01 22 34.4 


SBc 


5.3 


15 


152.2 


0.143 


15.1 


-19.58 


NGC1084 


02 45 59.9 


-07 34 42.5 


Sc 


4.9 


21 


123.0 


0.237 


55.2 


-21.40 


NGC1087 


02 46 25.2 


-00 29 55.8 


SABc 


5.2 


17 


126.6 


0.366 


0.8 


-20.35 


NGC1097 


02 46 18.9 


-30 16 29.0 


SBb 


3.3 


17 


349.1 


0.331 


-47.0 


-22.42 


NGC1179 


03 02 38.5 


-18 53 52.6 


Sc 


5.9 


18 


138.6 


0.221 


45.6 


-19.23 


NGC1187 


03 02 37.6 


-22 52 01.6 


Sc 


5.0 


18 


163.8 


0.231 


-55.1 


-20.73 


NGC1222 


03 08 56.7 


-02 57 18.6 


E/SO 


-3.0 


31 


88.6 


0.428 


-10.9 


-20.35 


NGC1232 


03 09 45.4 


-20 34 44.4 


SABc 


5.0 


19 


227.5 


0.154 


-84.0 


-21.51 


NGC1255 


03 13 32.0 


-25 43 30.3 


SABb 


4.0 


22 


132.2 


0.272 


-56.3 


-20.53 


NGC1258 


03 14 05.5 


-21 46 27.8 


SABc 


5.8 


26 


50.6 


0.261 


16.3 


-18.60 


NGC1299 


03 20 09.7 


-06 15 43.2 


SBb 


2.9 


33 


48.9 


0.394 


51.6 


-19.97 


NGC1300 


03 19 41.0 


-19 24 39.9 


Sbc 


4.0 


19 


208.3 


0.101 


-40.8 


-21.20 


NGC1302 


03 19 51.2 


-26 03 38.0 


so/a 


0.1 


20 


152.4 


0.069 


-4.1 


-21.04 


NGC1306 


03 21 03.0 


-25 30 44.8 


Sb 


2.8 


20 


37.5 


0.207 


-30.7 


-18.59 


NGC1325A 


03 24 48.5 


-21 20 11.9 


SABc 


6.9 


18 


73.5 


0.096 


42.8 


-18.26 


NGC1326 


03 23 56.4 


-36 27 52.3 


so/a 


-0.8 


17 


164.0 


0.259 


68.1 


-21.02 


NGC1338 


03 28 54.5 


-12 09 12.1 


SABb 


3.0 


35 


50.8 


0.124 


10.2 


-20.17 


NGC1341 


03 27 58.4 


-37 09 00.6 


Sa 


1.3 


17 


61.6 


0.057 


-9.1 


-18.93 


NGC1347 


03 29 41.8 


-22 16 45.4 


SBc 


5.0 


25 


47.7 


0.088 


-21.3 


-18.42 


NGC1350 


03 31 08.1 


-33 37 42.0 


Sab 


1.9 


21 


248.3 


0.477 


5.3 


-21.71 


NGC1357 


03 33 17.0 


-13 39 50.9 


Sab 


1.9 


25 


143.1 


0.240 


77.9 


-21.11 


NGC1367 


03 35 01.3 


-24 55 59.5 


Sa 


1.0 


22 


194.8 


0.334 


-46.8 


-21.44 


NGC1385 


03 37 28.5 


-24 30 04.3 


SBc 


5.9 


15 


131.7 


0.329 


-3.8 


-20.17 


NGC1398 


03 38 52.1 


-26 20 15.6 


SBab 


2.0 


20 


286.1 


0.242 


-84.4 


-22.42 


NGC1433 


03 42 01.5 


-47 13 19.1 


SBa 


1.5 


10.0 


198.3 


0.087 


-164.9 


-20.26 
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TABLE 1 — Continued 



Galaxy 

(1) 



RA 

(hh:inrn:ss) 
(2) 



Dec 

(dd:inrn:ss) 

(3) 



Morph. 
type 

(4) 



T 

type 

(5) 



Dist. 

(Mpc) 

(6) 



R25.5 
(") 
(7) 



625 



(8) 



PA25.5 

(deg) 
(9) 



(AB mag) 
(10) 



NGC1436 


03 43 37.1 


-35 51 11.0 


Sab 


1.9 


19 


114.5 


0.278 


-34.2 


-19.95 


NGC1438 


03 45 17.2 


-23 00 08.8 


Sa 


0.7 


29 


74.5 


0.472 


71.1 


-20.13 


NGC1452 


03 45 22.3 


-18 38 01.3 


so/a 


0.3 


23 


95.6 


0.365 


-66.3 


-20.53 


NGC1493 


03 57 27.4 


-46 12 38.6 


SBc 


6.0 


11 


120.3 


0.080 


-85.3 


-18.80 


NGC1494 


03 57 42.4 


-48 54 30.1 


SABc 


7.0 


15 


120.8 


0.417 


-3.6 


-18.73 


NGC1512 


04 03 54.1 


-43 20 55.5 


SBa 


1.2 


12 


225.4 


0.263 


73.8 


-20.41 


NGC1533 


04 09 51.8 


-56 07 06.6 


E/SO 


-2.5 


18 


116.8 


0.031 


-41.2 


-20.90 


NGC1559 


04 17 35.7 


-62 47 00.9 


SBc 


5.9 


15 


139.1 


0.389 


66.2 


-20.71 


NGC1566 


04 20 00.4 


-54 56 16.8 


SABb 


4.0 


12 


264.0 


0.152 


-89.0 


-21.04 


NGC1637 


04 41 28.2 


-02 51 28.7 


Sc 


5.0 


11 


156.7 


0.277 


25.5 


-19.63 


NGC1640 


04 42 14.5 


-20 26 05.4 


Sb 


3.0 


19 


95.4 


0.106 


53.8 


-20.00 


NGC1672 


04 45 42.5 


-59 14 50.2 


Sb 


3.3 


14 


239.1 


0.113 


-28.6 


-21.45 


NGC1688 


04 48 23.7 


-59 48 01.0 


SBc 


6.2 


13 


98.2 


0.351 


-0.5 


-18.65 


NGC1703 


04 52 52.1 


-59 44 32.4 


SBb 


3.1 


17 


97.1 


0.094 


-59.9 


-19.64 


NGC1792 


05 05 14.4 


-37 58 50.1 


SBbc 


4.0 


13 


186.9 


0.451 


-45.5 


-21.18 


NGC1808 


05 07 42.3 


-37 30 46.2 


SABa 


1.2 


12 


273.8 


0.278 


-60.8 


-21.34 


NGC2500 


08 01 53.2 


50 44 13.9 


SBcd 


7.0 


10 


106.5 


0.133 


62.7 


-18.20 


NGC2633 


08 48 04.6 


74 05 56.3 


SBb 


3.0 


30 


80.2 


0.293 


4.4 


-21.09 


NGC2805 


09 20 20.4 


64 06 10.7 


SABc 


6.9 


28 


146.7 


0.208 


-42.4 


-20.46 


NGC2841 


09 22 02.7 


50 58 35.7 


Sb 


3.0 


18 


310.5 


0.481 


-30.1 


-22.54 


NGC2844 


09 21 48.0 


40 09 04.6 


Sa 


0.6 


24 


71.8 


0.439 


11.6 


-19.52 


NGC2906 


09 32 06.2 


08 26 30.6 


Sc 


5.9 


30 


65.7 


0.372 


82.2 


-20.67 


NGC2964 


09 42 54.2 


31 50 50.5 


Sbc 


4.0 


21 


108.7 


0.401 


-82.8 


-20.79 


NGC3032 


09 52 08.2 


29 14 10.4 


SO 


-1.9 


22 


74.9 


0.227 


-80.6 


-19.51 


NGC3049 


09 54 49.6 


09 16 16.3 


SBab 


2.5 


21 


77.2 


0.329 


28.8 


-19.19 


NGC3073 


10 00 52.1 


55 37 07.9 


E/SO 


-2.8 


26 


63.8 


0.170 


84.8 


-18.93 


NGC3147 


10 16 53.7 


73 24 02.7 


Sbc 


3.9 


43 


150.1 


0.121 


-35.9 


-23.28 


NGC3184 


10 18 16.9 


41 25 27.6 


SABc 


6.0 


12 


239.1 


0.090 


-44.3 


-20.63 


NGC3206 


10 21 47.6 


56 55 49.8 


SBc 


6.0 


21 


80.5 


0.282 


7.6 


-18.69 


NGC3319 


10 39 09.5 


41 41 12.6 


SBc 


6.0 


14 


180.5 


0.432 


42.3 


-18.90 


NGC3344 


10 43 31.1 


24 55 20.7 


Sbc 


4.0 


6.1 


187.8 


0.096 


-59.2 


-18.91 


NGC3351 


10 43 57.7 


11 42 13.2 


Sb 


3.1 


10 


253.2 


0.260 


11.6 


-20.83 


NGC3368 


10 46 45.7 


11 49 11.9 


SABa 


2.1 


11 


345.1 


0.385 


-7.9 


-21.35 


NGC3486 


11 00 23.9 


28 58 30.3 


Sc 


5.2 


12 


203.8 


0.275 


85.4 


-19.90 


NGC3504 


11 03 11.2 


27 58 21.5 


SABa 


2.1 


20 


106.0 


0.066 


-41.7 


-20.94 


NGC3627 


11 20 15.0 


12 59 29.4 


SABb 


3.1 


10 


393.4 


0.458 


-7.0 


-21.72 


NGC3726 


11 33 21.1 


47 01 45.3 


Sc 


5.1 


17 


197.7 


0.387 


19.4 


-20.94 


NGC3794 


11 40 54.2 


56 12 07.5 


SABc 


6.3 


20 


77.2 


0.437 


-62.6 


-18.14 


NGC3938 


11 52 49.5 


44 07 14.7 


Sc 


5.1 


17 


166.9 


0.076 


20.9 


-20.98 


NGC3953 


11 53 49.0 


52 19 36.5 


Sbc 


4.0 


18 


212.7 


0.481 


12.6 


-21.75 


NGC4051 


12 03 09.6 


44 31 52.7 


SABb 


4.0 


15 


198.3 


0.247 


-54.7 


-20.85 


NGC4136 


12 09 17.7 


29 55 39.2 


Sc 


5.2 


9.7 


110.9 


0.058 


-43.9 


-18.16 


NGC4245 


12 17 36.8 


29 36 28.8 


so/a 


0.1 


9.7 


118.1 


0.172 


0.5 


-19.03 


NGC4254 


12 18 49.6 


14 24 59.1 


Sc 


5.2 


15 


191.9 


0.195 


84.1 


-21.58 


NGC4262 


12 19 30.6 


14 52 39.6 


E/SO 


-2.7 


18 


72.4 


0.094 


-6.0 


-20.18 


NGC4298 


12 21 32.8 


14 36 22.0 


Sc 


5.2 


15 


156.0 


0.410 


-50.4 


-20.02 


NGC4303 


12 21 54.9 


04 28 25.5 


SABb 


4.0 


12 


213.2 


0.092 


-27.0 


-21.15 


NGC4314 


12 22 32.0 


29 53 43.6 


SBa 


1.0 


9.7 


157.9 


0.078 


42.7 


-19.87 


NGC4319 


12 21 43.9 


75 19 21.0 


SBab 


2.4 


28 


118.5 


0.209 


-36.6 


-20.98 


NGC4321 


12 22 54.9 


15 49 20.3 


SABb 


4.1 


16 


312.7 


0.228 


-8.2 


-21.97 


NGC4351 


12 24 01.5 


12 12 17.6 


SBab 


2.4 


18 


93.7 


0.325 


62.5 


-18.69 


NGC4355 


12 26 54.6 


-00 52 39.6 


SABa 


1.1 


31 


59.5 


0.489 


62.9 


-19.72 


NGC4369 


12 24 36.2 


39 22 58.6 


Sa 


1.0 


22 


81.2 


0.021 


74.8 


-20.26 


NGC4380 


12 25 22.2 


10 01 00.5 


Sab 


2.3 


20 


144.2 


0.444 


-23.8 


-20.35 


NGC4394 


12 25 55.6 


18 12 50.2 


SBb 


3.0 


17 


145.4 


0.165 


-74.9 


-20.44 


NGC4405 


12 26 07.1 


16 10 51.8 


so/a 


-0.1 


25 


80.2 


0.255 


16.4 


-20.02 


NGC4413 


12 26 32.3 


12 36 41.8 


Sab 


2.0 


17 


99.9 


0.309 


64.8 


-19.03 


NGC4424 


12 27 11.6 


09 25 14.0 


SBa 


1.0 


16 


146.9 


0.472 


87.4 


-19.51 


NGC4450 


12 28 29.6 


17 05 05.9 


Sab 


2.4 


17 


210.8 


0.310 


-7.2 


-21.38 


NGC4457 


12 28 59.0 


03 34 14.3 


so/a 


0.4 


17 


158.6 


0.047 


69.7 


-20.99 


NGC4498 


12 31 39.5 


16 51 09.9 


Sc 


6.4 


16 


99.6 


0.455 


-39.9 


-18.76 


NGC4501 


12 31 59.2 


14 25 13.2 


Sb 


3.4 


20 


285.3 


0.476 


-39.1 


-22.62 


NGC4548 


12 35 26.5 


14 29 46.8 


Sb 


3.1 


16 


218.1 


0.147 


-35.8 


-21.32 


NGC4579 


12 37 43.5 


11 49 05.5 


SABb 


2.8 


20 


248.7 


0.271 


-83.5 


-22.34 


NGC4580 


12 37 48.4 


05 22 06.7 


SABa 


1.6 


21 


91.4 


0.251 


-25.8 


-20.06 


NGC4639 


12 42 52.4 


13 15 26.8 


Sbc 


3.5 


22 


99.1 


0.360 


-51.6 


-20.42 


NGC4651 


12 43 42.6 


16 23 36.1 


Sc 


5.2 


27 


153.7 


0.328 


71.7 


-21.73 


NGC4689 


12 47 45.6 


13 45 45.9 


Sc 


4.7 


18 


184.8 


0.182 


-15.6 


-20.66 


NGC4713 


12 49 57.9 


05 18 40.9 


Scd 


6.8 


17 


83.1 


0.260 


-82.0 


-19.35 


NGC4725 


12 50 26.6 


25 30 02.5 


SABa 


2.2 


14 


372.4 


0.373 


36.0 


-21.75 


NGC4750 


12 50 07.3 


72 52 28.7 


Sab 


2.4 


26 


117.4 


0.232 


-10.8 


-21.42 


NGC4772 


12 53 29.2 


02 10 06.0 


Sa 


1.1 


30 


158.6 


0.456 


-32.4 


-21.46 


NGC4793 


12 54 40.6 


28 56 19.4 


Sc 


5.1 


34 


91.9 


0.395 


39.6 


-21.47 


NGC4806 


12 56 12.4 


-29 30 10.1 


Sc 


4.9 


34 


45.5 


0.165 


29.2 


-19.81 


NGC4826 


12 56 43.6 


21 40 59.1 


Sab 


2.3 


5.4 


356.5 


0.467 


-64.9 


-20.70 
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Galaxy 


RA 


Dec 


Morph. 


T 


Dist. 


R25.5 


625.5 


PA25.5 


A^3.6/im 




(hh:mm:ss) 


(dd:mm:ss) 


type 


type 


(Mpc) 


(") 




(deg) 


(AB mag) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


NGC4942 


13 04 19.1 


-07 38 58.4 


SABc 


7.0 


28 


56.3 


0.184 


-33.5 


-19.11 


NGC4980 


13 09 10.1 


-28 38 30.4 


SABa 


1.0 


20 


61.3 


0.486 


-10.1 


-18.11 


NGC4984 


13 08 57.3 


-15 30 58.6 


so/a 


-0.8 


21 


183.9 


0.393 


29.8 


-21.41 


NGC5055 


13 15 49.3 


42 01 45.7 


Sbc 


4.0 


9.0 


516.9 


0.395 


-76.5 


-21.74 


NGC5068 


13 18 54.7 


-21 02 19.4 


Sc 


6.0 


6.1 


227.7 


0.011 


-75.5 


-19.07 


NGC5240 


13 35 55.2 


35 35 17.6 


SBc 


5.8 


49 


64.4 


0.346 


61.2 


-20.60 


NGC5248 


13 37 32.0 


08 53 06.7 


SABb 


4.0 


19 


207.0 


0.236 


-74.5 


-21.71 


NGC5273 


13 42 08.4 


35 39 15.4 


SO 


-1.9 


18 


95.9 


0.101 


14.6 


-19.96 


NGC5339 


13 54 00.3 


-07 55 50.4 


SBa 


1.0 


39 


82.9 


0.205 


34.8 


-20.93 


NGC5371 


13 55 40.0 


40 27 42.3 


Sbc 


4.0 


35 


139.3 


0.209 


16.7 


-22.45 


NGC5377 


13 56 16.7 


47 14 08.3 


Sa 


1.0 


28 


159.9 


0.455 


26.6 


-21.32 


NGC5468 


14 06 34.9 


-05 27 10.9 


SABc 


6.0 


46 


88.8 


0.066 


-86.4 


-21.42 


NGC5480 


14 06 21.6 


50 43 30.3 


Sc 


4.9 


27 


78.1 


0.219 


39.5 


-20.31 


NGC5584 


14 22 23.8 


-00 23 15.6 


SABc 


6.0 


23 


117.0 


0.255 


-20.4 


-19.95 


NGC5585 


14 19 48.1 


56 43 45.8 


SABc 


6.9 


9.0 


162.5 


0.384 


36.4 


-18.11 


NGC5597 


14 24 27.4 


-16 45 46.4 


Sc 


6.0 


39 


96.3 


0.279 


-50.1 


-21.26 


NGC5645 


14 30 39.3 


07 16 30.4 


SBcd 


6.6 


20 


83.7 


0.345 


70.7 


-19.17 


NGC5668 


14 33 24.3 


04 27 01.7 


Scd 


6.9 


27 


103.1 


0.142 


-41.9 


-20.24 


NGC5669 


14 32 43.9 


09 53 30.8 


SABc 


6.0 


20 


116.3 


0.251 


59.4 


-19.55 


NGC5713 


14 40 11.4 


-00 17 20.0 


SABb 


4.0 


24 


101.5 


0.130 


14.8 


-21.18 


NGC5740 


14 44 24.4 


01 40 47.3 


SABb 


3.0 


29 


89.5 


0.453 


-17.3 


-20.77 


NGC5762 


14 48 42.6 


12 27 26.0 


Sb 


3.0 


25 


54.5 


0.168 


-72.3 


-18.68 


NGC5806 


15 00 00.4 


01 53 28.9 


Sb 


3.2 


25 


142.5 


0.473 


-15.6 


-21.07 


NGC5850 


15 07 07.7 


01 32 39.4 


Sb 


3.1 


23 


188.0 


0.228 


-24.6 


-21.32 


NGC5892 


15 13 48.2 


-15 27 49.7 


SABc 


7.0 


34 


104.8 


0.125 


-76.9 


-20.61 


NGC5915 


15 21 33.1 


-13 05 30.3 


SBab 


2.3 


34 


56.1 


0.256 


16.2 


-20.79 


NGC5949 


15 28 00.7 


64 45 47.4 


Sbc 


4.0 


15 


78.2 


0.402 


-34.6 


-18.98 


NGC5950 


15 31 30.8 


40 25 48.3 


Sb 


3.1 


38 


55.3 


0.464 


44.7 


-19.53 


NGC5958 


15 34 49.1 


28 39 18.9 


Sc 


4.6 


28 


57.7 


0.159 


38.2 


-19.60 


NGC5964 


15 37 36.2 


05 58 27.3 


SBcd 


6.9 


27 


140.6 


0.275 


-32.3 


-20.28 


NGC5985 


15 39 37.1 


59 19 55.5 


Sb 


3.0 


44 


158.1 


0.491 


14.6 


-22.43 


NGC6012 


15 54 13.9 


14 36 04.3 


SBab 


1.7 


26 


92.9 


0.131 


17.0 


-20.20 


NGC6014 


15 55 57.4 


05 55 55.0 


SO 


-1.9 


35 


67.4 


0.201 


-37.6 


-20.36 


NGC6063 


16 07 13.0 


07 58 44.4 


Sc 


5.9 


46 


56.4 


0.454 


-27.9 


-20.24 


NGC6106 


16 18 47.2 


07 24 39.2 


Sc 


5.3 


25 


79.9 


0.453 


-38.7 


-19.83 


NGC6140 


16 20 58.0 


65 23 26.3 


Sc 


5.6 


19 


109.7 


0.144 


-79.4 


-19.31 


NGC6155 


16 26 08.3 


48 22 00.5 


Sc 


5.4 


34 


52.5 


0.207 


-41.6 


-20.24 


NGC6181 


16 32 21.0 


19 49 35.2 


SABc 


5.2 


34 


79.4 


0.444 


-6.7 


-21.60 


NGC6207 


16 43 03.7 


36 49 55.8 


Sc 


4.9 


20 


93.3 


0.361 


19.0 


-20.01 


NGC6217 


16 32 39.2 


78 11 53.4 


Sbc 


4.0 


24 


95.6 


0.049 


75.1 


-20.83 


NGC6267 


16 58 08.7 


22 59 06.5 


Sc 


4.9 


42 


71.6 


0.496 


42.6 


-20.50 


NGC6278 


17 00 50.3 


23 00 39.7 


SO 


-1.9 


39 


65.0 


0.332 


-54.2 


-21.19 


NGC6339 


17 17 06.5 


40 50 41.9 


Sc 


6.4 


31 


93.4 


0.396 


3.8 


-19.86 


NGC6412 


17 29 37.3 


75 42 16.1 


SABc 


5.2 


24 


80.8 


0.024 


-62.8 


-20.03 


NGC6434 


17 36 48.7 


72 05 20.1 


SBbc 


4.0 


38 


58.1 


0.380 


-75.7 


-20.38 


NGC6923 


20 31 39.1 


-30 49 54.6 


SBb 


3.1 


37 


86.6 


0.344 


77.9 


-21.50 


NGC7098 


21 44 16.2 


-75 06 40.6 


Sa 


1.1 


29 


162.5 


0.421 


71.9 


-21.56 


NGC7140 


21 52 15.3 


-55 34 10.9 


SABb 


3.9 


37 


136.2 


0.359 


4.0 


-21.38 


NGC7479 


23 04 56.6 


12 19 22.5 


SBbc 


4.4 


34 


140.6 


0.252 


17.2 


-22.31 


NGC7552 


23 16 10.7 


-42 35 05.0 


SBab 


2.4 


17 


118.6 


0.037 


26.0 


-21.33 


NGC7625 


23 20 30.1 


17 13 31.6 


Sa 


1.0 


23 


59.9 


0.091 


-22.4 


-20.44 


NGC7661 


23 27 14.5 


-65 16 18.8 


SBc 


5.9 


32 


58.4 


0.375 


31.8 


-18.58 


NGC7731 


23 41 29.1 


03 44 24.0 


SBa 


1.0 


37 


46.2 


0.265 


87.8 


-19.55 


NGC7741 


23 43 54.3 


26 04 34.0 


SBc 


6.0 


14 


123.5 


0.224 


-9.0 


-19.31 


NGC7742 


23 44 15.7 


10 46 01.5 


Sb 


2.8 


22 


80.7 


0.028 


-82.0 


-20.46 


NGC7798 


23 59 25.5 


20 44 59.3 


Sc 


5.4 


33 


55.3 


0.140 


50.4 


-20.75 


PGC003853 


01 05 04.9 


-06 12 44.8 


SABc 


7.0 


13 


158.2 


0.257 


-75.8 


-18.95 


PGC006667 


01 49 10.3 


-10 03 40.9 


Scd 


6.7 


25 


80.2 


0.219 


-51.0 


-18.98 


PGC011367 


03 00 31.7 


-15 44 10.3 


Scd 


7.0 


22 


65.7 


0.093 


-13.2 


-18.80 


PGC012633 


03 22 17.5 


-07 05 26.4 


Sab 


2.2 


38 


47.4 


0.024 


52.6 


-20.07 


PGC012664 


03 22 55.1 


-11 12 12.1 


Scd 


6.7 


35 


65.6 


0.310 


-24.0 


-18.98 


PGC014037 


03 53 18.2 


-10 26 48.0 


so/a 


-1.0 


36 


35.6 


0.478 


-41.4 


-18.21 


UGC00313 


00 31 26.0 


06 12 24.5 


Sab 


2.3 


29 


37.8 


0.376 


15.0 


-18.35 


UGC01551 


02 03 37.6 


24 04 30.7 


SBc 


6.1 


36 


78.1 


0.229 


-72.5 


-19.55 


UGC02443 


02 58 21.5 


-02 02 30.9 


Sc 


5.8 


38 


50.6 


0.463 


-19.5 


-19.37 


UGC03070 


04 30 59.7 


-02 00 11.9 


SABb 


3.1 


33 


46.0 


0.430 


-6.4 


-18.23 


UGC09356 


14 32 53.5 


11 35 42.0 


Sb 


2.7 


31 


56.6 


0.363 


-83.3 


-18.83 


UGC10437 


16 31 07.6 


43 20 54.4 


Sc 


6.0 


37 


49.2 


0.404 


-17.6 


-18.12 


UGC10445 


16 33 47.6 


28 59 05.4 


SBc 


6.0 


29 


67.6 


0.238 


-54.6 


-18.73 



Note. — Sample. (1): Galaxy name. (2), (3): RA and Dee of the nucleus, measured on the 3.6 /j-m image. (4), (5): Morphologieal type 
and its numerieal code, from LEDA. (6): Distance to the galaxy. We used the mean redshift-independent distance from NED when available, 
and the redshift-based one otherwise. (7), (8), (9): Radius along the semi-major axis, ellipticity (1 — b/a) and position angle, measured at 
M3.6/j.m — 25.5 AB mag arcsec" . (10): Asymptotic absolute magnitude at 3.6/im. 















TABLE 2 




















Profile measurements. 










Galaxy 


Prof, type 


ri,i 


r2,i 


ri,o 


r2,o 


f^O,i 


f^0,o 


h. 


ho 


Rbr 


a 






(") 


{") 


(") 


{") 


(mag/D) 


(mag/D) 


(") 


(") 


(") 


(/") 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


ESO026-001 


2i+2o 


31.27 


46.82 


50.31 


60.62 


20.49ini 


18.77lO;r, 


i3.8il°;« 


Q 00+0. 69 


46.36l°-f2 


^90+11.18 
"•^^-2.03 


ESO027-001 


2o 


46.34 


63.28 


70.20 


99.94 


20.8210-^^ 


-17 22+0.58 


32.68+|-^^ 


,0 41+1.44 
i3.4i_Q 7g 


75.20l5:f3 


0.7212:55 


ESO079-007 


l+(2o) 


17.37 


57.30 






20.88+0-;^ 




13.33l°;44 








ESO234-049 


2o 


25.03 


47.83 


50.98 


61.36 


20.54lo:j| 


18.37lO;tt 


14.4ll°;g 


09+0.82 


47.88I5-29 


c na+14.43 
>'-U°-1.90 


ESO482-035 


2o 


27.19 


55.48 


59.02 


72.28 


20.58ini 


19-52l°;I^ 


17.18lO;30 


10 17+2.63 
l'^.l'-1.05 


55.20l5i-i« 


4 f.7+10.05 


ESO549-018 


2o 


25.06 


48.09 


61.51 


91.88 


21.43in^ 


18.63l0;22 


44.88l4;i4 


10 7C+0.71 
l'^.''^-l.08 


5I.22I5-07 


37+0. 16 
'^■'^'-0.07 


ICOlOl 


1 


14.86 


45.65 






20.09+n? 




40+0.28 








IC0167 


2o 


49.97 


77.80 






20.481°:^ 




16.72+^-12 








IC0749 


2i+2o 


22.96 


46.63 


50.05 


76.01 


20.43in^ 


18.6ll0;24 


21.42lo;« 


12 S4+0.72 


48.86l0;| 


3.2418:06 


IC0797 


3d 


28.78 


56.58 


62.23 


89.79 


20.78ini 


22.1ll0;l8 


15.39lO;2B 


23.2315;^^ 


55.88_Q;3g 


3.8715:77 


IC0800 


1 


35.83 


77.63 






20.78±0:i^ 




15.06l0;70 








IC1158 


2o 


25.86 


62.11 


68.74 


85.10 


r,r, CO + O.OS 
/0.0/_gQ3 


17.56+0.47 


21.12+0-45 


11.22irrl 


65.3010-66 


n 7t;+2.85 

U. '3-0.23 


IC1265 


3d 


10.54 


27.71 


35.98 


55.83 


19 -34+0.06 


21.5llo;i3 


7 27+0:20 

'•^'-0.16 


16.8315:^^ 


25.66lo;56 


o.6ol°:5! 


IC1826 


(1) 


25.03 


63.96 






20.72+0-?» 




14.4510-58 








IC1933 


2o 


25.83 


39.63 


47.81 


66.58 


21.16lSi^ 


16.9910J7 


26.72l3;95 


8-93l°:S 


51.5ll5-.42, 


n 61 +0.39 

U. '^1-0.14 


IC1954 


1 


18.98 


125.40 






19.32in^ 




21.5310-50 








IC2007 


2o+(3d) 


16.47 


23.66 


26.50 


45.22 


19.8610;?! 


17.9210:^6 


12.46li;62 


6.59lO;5| 


25.OOIO-.54 


10.7817:79 


IC2040 


3s 


15.41 


39.52 






19-70ini 




S t;Q+0.20 
8-Oy-0.20 








IC2051 


2o 


45.88 


52.94 


54.90 


102.74 


20 77+0-32 
'^'J- 11-0.45 


16.5llO;i« 


146.20li5o.55 


12.89+0-« 


55.46ir5^ 


2.55153^25 


IC2056 


3d 


13.48 


30.23 


35.88 


72.85 


17.2310.0? 


i9-63l°;ll 


c 77+0.07 
^•' '-0.10 


11.27lo;g 


26.131^9 


1 r|2+0.80 


IC4237 


2i 


20.53 


70.16 






18.9310.0^ 




12.45lO;5| 








IC5069 


1 


19.59 


41.55 






20.6410.11 




9.04l0;« 








IC5332 


2o 


81.45 


170.44 


190.97 


236.15 


99 91+0.08 


19.6710;?^ 


88.9215-29 


43.56l6;2« 


199.6415-53 


n 84+0.63 

".°+-o.io 


NGC0150 


2o+3d 


27.81 


42.51 


48.39 


65.24 


19.5810.20 


16.65lO;l| 


40.86lo;44 


11.8815:57 


45.1610;!^ 


n at;+0.09 


NGC0150 


2o+3d 


50.53 


64.71 


83.69 


135.29 


16.50lO;20 


20.04l0;l5 


11 r:q+0.44 
ll-0o_o.05 


25.5215-57 


68.64l0-.|7 


r. 02+0. 09 


NGC0254 


2o 


43.67 


53.80 


57.30 


90.14 


21.24in^ 


19.93+0.^4 


37.26+2-71 


20.62+5-55 


55.33ir6g 


i.43lg:i^ 


NGC0255 


3d 


33.16 


59.99 


66.06 


82.01 


19.9410:0? 


22.07lo;27 


13.88lo;30 


24.7415:28 


61.8810:59 


3.6915:5® 


NGC0289 


l+(3d) 


49.64 


110.22 






19 17+0.12 




19.96l°i5 








NGC0300 


1 


112.30 


626.38 






2i.iiin^ 




176.29+7-55 








NGC0337 


2i 


39.13 


108.31 






18.93lO;12 




15.67+0^52 








NGC0406 


1 


35.81 


104.25 






20.65in? 




21.9115;^! 








NGC0470 


2i 


45.09 


84.12 






17.29+0.25 




12.13l0;54 








NGC0473 


1 


29.18 


64.32 






19.43lo;i2 




ii-7ilg;f7 








NGC0488 


3(d?) 


57.84 


114.01 


126.24 


204.11 


19 40+0.03 


19.92lO:2J 


35.39lO:5| 


41.05l2;88 


121.89l«-.57 


0.4112:56 


NGC0628 


1 


64.88 


371.83 






20.23lO;05 




69.0211-68 








NGC0658 


3d 


24.57 


41.54 


66.33 


83.94 


19.80lO-^^ 


22.18+0-^5 


13.02li;ji 


27.44+4-42 


54.3013-68 


r. 9fi+0.06 


NGC0685 


2o 


28.23 


82.99 


105.24 


130.05 


91 ic: + 0:03 


18.88lo;6i 


41.891-30 


22.0ll3;05 


97.22l4;j9 


n 90+0. 08 


NGC0691 


2o 


37.76 


85.03 


98.04 


113.91 


20.27+0.55 


16.2810;?^ 


27.64+0-56 


10 24+1.78 


93.17+1-97 


r, 00+0.21 
U.3»_oo9 


NGC0718 


2o 


57.54 


73.15 


79.36 


91.98 


20 72+0.09 


1707+0.45 

'^'■'il-0.64 


24.511?;^ 


i2.3oi5:«65 


76.12ir6i 


0.8115:10 


NGC0723 


2o+3d 


8.53 


13.94 


16.40 


23.29 


18.90l0.66 


17.32+0.52 


01 +0.82 
8-O1-0.39 


4.38lJ;f7 


12.9715.06 


30.79lO:2| 


NGC0723 


2o+3d 


15.91 


21.15 


30.67 


57.07 


17 72+0.66 


21 1fi+0:52 
^l-10_o 17 


4 70+0.82 


11 26+1-89 


25.7915:06 


n ciq+0.24 
u.oo_o Qg 


NGC0772 


2o 


55.54 


114.13 


122.26 


175.44 


19 84+0.02 


19.2510:25 


46.6ll0;77 


37.94l3;i7 


110.791^:22 


2 04+3.12 
^.^^+-0.34 
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Galaxy 
(1) 


Prof, type 

(2) 


ri,i 
(") 
(3) 


r2,i 
{") 
(4) 


ri,o 
(") 
(5) 


r2,o 
{") 
(6) 


(mag/D) 
(7) 


fJ-0,0 

(mag/D) 

(8) 


hi 
(") 
(9) 


ho 

(") 

(10) 


Rbr 

(") 
(11) 


a 

(/") 
(12) 



NGC0908 

NGC0918 

NGC0936 

NGC0941 

NGC0986 

NGC0991 

NGC1015 

NGC1022 

NGC1042 

NGC1073 

NGC1084 

NGC1087 

NGC1097 

NGC1179 

NGC1187 

NGC1222 

NGC1232 

NGC1255 

NGC1258 

NGC1299 

NGC1300 

NGC1302 

NGC1306 

NGC1325A 

NGC1326 

NGC1338 

NGC1341 

NGC1347 

NGC1350 

NGC1357 

NGC1367 

NGC1385 

NGC1398 

NGC1398 

NGC1433 

NGC1436 

NGC1438 

NGC1452 

NGC1493 

NGC1494 

NGC1512 

NGC1533 



1- 



2i 

2o 

2o 

2o 

2i 

2o 

1 

1 

2o 

2o 

3d 

2o 

2o 

2i 

2i 

3d 

2o 

2o 

2o 

-(3s) 

2o 

2o 

3d 
2i+(2o) 

2o 

2i 

3 
2o+(3d) 

2o 

2o 

3d 

1 
2o+3d 
2o+3d 

2o 

2o 

2i 

2o 

2i 

2o 

2o 

2i 



93.05 
27.25 
61.73 
38.93 
61.09 
37.61 
31.17 
36.19 
47.99 
74.85 
53.03 
29.85 

144.16 
34.79 
35.42 
17.18 
49.71 
38.50 
14.79 
17.61 

128.34 
59.84 
8.21 
26.67 
56.47 
19.02 
26.63 
14.62 

119.78 
60.43 
52.23 
71.92 
82.54 

178.04 

135.06 
27.70 
35.94 
61.84 
38.77 
41.98 

134.22 
47.33 



203.34 

66.73 

91.81 

76.33 

142.54 

63.64 

89.74 

92.66 

78.78 

108.72 

83.10 

50.28 

214.26 

151.73 

109.71 

39.43 

183.27 

58.56 

27.27 

46.20 

173.35 

98.27 

31.19 

80.00 

73.80 

42.07 

41.87 

30.84 

154.52 

90.37 

95.85 

111.76 

165.09 

222.55 

173.06 

44.92 

66.13 

74.86 

122.19 

74.87 

193.05 

105.55 



72.67 

108.16 

80.25 

65.42 



91.46 

121.92 

86.27 

57.42 

234.10 



50.41 

206.63 

74.60 

29.77 

185.83 

104.31 

33.11 



52.14 

33.51 

162.31 

98.13 

127.42 

182.08 

233.88 

188.26 

49.66 

79.89 

80.21 
201.60 



122.98 

170.42 

85.68 

82.00 



161.18 
150.03 
108.43 
119.71 
353.14 



95.76 


242.56 


125.13 


47.41 


220.59 


158.66 


40.17 



73.96 

52.41 

238.37 

134.76 

216.39 

229.83 
326.94 
224.51 
111.05 



119.79 
250.27 



18.29+°:\l 

7+0.03 
-0.06 



20.17"* 



20 03+°-°'^ 

21 20+°-°'' 
lS.69t°o:\l 
21.05in^ 
20.55in^ 
19 96+°-°'^ 

,+0.04 
^-0.08 
-+0.07 
3-0.04 

18.39_o;o8 
20.0ll°;i 

21.82in? 
,+0.05 
^-0.07 

19.69in^ 

,+0.14 
-0.25 



21.22: 
21.45"' 



21.62"' 



19.8i: 

20 15+0-05 

20.86ini 
on 74+0-02 

K+0.07 
°-0.07 

21 49+0.06 

-+0.07 
-0.05 



18.56"* 



21.25: 
18.46 



+0.03 
-0.03 



20.87«:li: 



86.63 165.88 21.45 



+0.25 



0.27 

i9.wt°o:\l 

19.0510:15 

+0.03 
-0.01 



21.15: 



21.34 
21.15 
17.59 
97.94 19.99 



+0.15 
-0.21 
20 17+0-07 
^'^•J^'-0.07 
9-1 90+0.02 

Z±.ZO_Q Qg 

+0.08 

0.29 

+0.14 

-0.13 



22.14: 
18.84"' 



18.55 
18.02 
13.91 

18.85 



+0.18 
0.26 

+0.21 
0.21 

+2.73 



+0.34 
0.35 



i9m+°il 

IS 1Q+0.49 
i».i3_o g3 

9„ 17+0.30 

7+0.12 

-0.14 

+0.22 

-0.22 



18.57: 
18.86 



22.13"* 



,+0.10 

^-0.14 
17 40+0-79 

18.97t°;l^ 



19.37 



+0.12 



,+0.72 

-1.16 

-,+0.22 

^-0.28 

9, ^0+0.30 



16.23: 
18.89"' 



19.80in^ 



21.64in^ 
19.06±0;i 
18.981°^^ 

+0.34 

-0.43 

20.43i°i^ 



22.0210:?! 
20.82l'(j-5? 19.65 
19.64in^ 
19.65lO:« 
20.481°:^ 

IS qs+O-39 
i».3»_Q 33 

+0.12 
-0.10 
+0.03 
-0.15 
+0.14 
0.12 



21.36"* 



IS qs+0-39 

i».3»_0 go 

"+0.39 

-0.60 

17.32±0:g 
19-38l°:»^ 



15.46 



+0.52 
0.62 



19.76lO;^5 



19.85 



+0.31 



30.i6l?;g! 

34.30t?f^ 
50.9ll|f7 
22.20155-71 
22 16+0-6* 

ZZ.iD_o gg 

23.92lO;|? 

18.70«jl 
20.25t0;^2 

56.45t-gt 
50.79t?ii 

1R7R+0.49 
iD./D_o 39 

15.39 
94 



41.80 

201.581"! 
39.09 
30.09 
11.69 
50.05 
54.08 
15.39 

7.54 
69.64 
54.39 

5.41 
17.13 



46 

1.41 

1.66 
+0.25 

0.36 
+0.63 

0.94 
+0.78 

0.72 

1.39 

3.98 
+0.21 

0.69 
+0.15 

0.14 
+2.47 

4.59 
+2.38 

1.31 
+0.05 

0.07 
+0.88 

1.06 
Ql Q9+51.53 
ai-y^_21.48 
+0.37 

0.26 
+0.33 

0.58 
+0.28 

0.15 
+ 13.25 
19.60 
fl.70 
-1.89 
+0.82 

1.41 

23.961^-^1 
69A7tlil 

+3.09 
2.28 
OO.OZ_3 gg 

124.60J:l«-ji 

9.86+°il 

23.98ti-g2 

24.5ll°;g 

35.87l?-g 

88.531^^26^ 

19.09ir7^ 



9.31 

8.87; 

15.53 

159.04 

38.68 

31.54 



39.69"* 



19.99 

25.86 

7.72 



-1.03 

1.27 



+3.10 



13.70: 



29.85l:i;57 

99 47+2-21 

24.93li-g7 
19.86l°>« 



58.25 



+3.23 



28.23^ 



f-2.02 

-2.06 

30.371^-^^ 

21 SI +1-05 
^J^-^J^-1.05 
-,+0.32 



9.00: 



0.34 



94 Q9+2.53 
Z'±.oz_2 g2 
7+1.26 
'-1.39 
-1.14 



24.77: 



10.29] 



31.30: 



1.50 



-17 -,0+0.39 
-'-'--'-■^-0.58 
-+0.48 
-0.46 



8.05"* 



40.4412-43 

97 iq+3.14 
z/.iy_2 g5 

42 42+2-09 

4Z.4Z_2 7g 



12.36 
11.69 
12.36 
11.69 
Ql oq+2-87 
ol.z»_2 3g 

+0.f 



39.68 
75.51 



20.82^ 



10.40: 



0.66 



22.60 
43.44 



+ 1.64 
1.30 
3.36 



71-85l?:g 
97.09l?-j^ 

79.57li;77 
64.89l?,-^f, 



90.53 
123.09 

83.78 

49.95 
223.15lf-]| 



+2.17 
1.24 
1.18 
1.87 

+ 1.72 
0.67 

+2.54 
2.15 



42.69 

195.44; 

61.13 



+1.20 
2.12 

+2.28 

4.29 

+0.67 

-0.82 



27.28lo27 



180.87 
98.77; 
32.22 



-2.60 
-1.38 
-1.01 
-1.34 

+0.42 
0.56 



7i-9ill;[;f, 

43.73l?-®2 
32 19+0-44 

152.07li;fg 
98.2512-33 

9omtti% 



178.93l^;« 



229.33 

185.50; 

40.76 



-2.21 
-1.21 

-2.04 
-0.82 



76.68: 



82.66li;i3 
179.87l2;2g 



0.84' 
0.31 

2.58 



+5.69 
0.34 
0.30 
0.08 

+7.17 
-1.04 



+ 19.75 



5.62 



l.29lj;f2 

0.38lJ:?t 
1 50+12.89 

1-00-0.82 

70+4-26 
'^■"J-0.21 

+ 1.27 
0.08 



0.25 



0.46 

0.21 

6.01 

2.OOI 

0.40 

2.68 

5.21I 

2.41 

0.49 

1.87; 

1.22 
0.64 
0.42 

0.29 
0.97 
0.33 



+0.27 
0.10 
+0.47 
0.05 
+2.57 
-1.27 
12.21 
0.58 



2.42 
0.15 
+4.35 
-0.32 
18.20 
1.02 



-3.36 
-1.06 



+0.18 
-0.09 
13.09 
0.59 
+3.83 

0.32 
+4.14 

0.24 
+2.26 

0.17 



8.82: 

0.99 

1.19 
0.58 



+2.53 

0.53 

+2.53 

-0.53 
fl.97 
-0.11 
13.91 



+8.17 
-0.36 



+4.11 
0.39 

+4.05 
0.26 
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Galaxy 
(1) 


Prof, type 

(2) 


ri,i 
(") 
(3) 


r2,i 
{") 
(4) 


ri,o 
(") 
(5) 


r2,o 
{") 
(6) 


(mag/D) 
(7) 


fJ-0,0 

(mag/D) 

(8) 


hi 
(") 
(9) 


ho 

(") 

(10) 


Rbr 

(") 
(11) 


a 

(/") 
(12) 



NGC1559 


2i+3d 


37.88 


95.93 


106.27 


158.91 


l'-5'_0.18 


18.951°:^? 


17 7Q+0.35 
17.78_ogg 


23.26ll:3| 


96.03l|« 


1.77l^:«9^ 


NGC1566 


3d 


60.83 


174.05 






-iq AQ+O-04 




40.23l0:|» 








NGC1637 


2o+3d 


44.17 


60.27 


77.11 


138.88 


21.02+°-;;5 


17.97+0-1? 


126.59i|;-^^ 


20.84+5-g 


69.98+1- I'l' 


0.3015:™ 


NGC1637 


2o+3d 


86.47 


134.76 


142.24 


177.06 


17.93l'^:i5 


22.45l0i? 


20.66iH^ 


55.99l5:« 


136.17ll-;io 


0.6715:^0 


NGC1640 


1 


40.47 


94.12 






20.1410:1^ 




20.32li:«J 








NGC1672 


2o 


91.98 


115.15 


129.41 


187.88 


21.64±°:« 


18.73l0-2» 


206.18J:g2.86 


36.82l|.g| 


120.46l|g 


0-35lJ-^^ 


NGC1688 


2o 


42.14 


67.59 


71.66 


106.31 


20.27ino 


18.63tg:33 


22.89t°-g 


15.5511:11 


73.24l?;fl 


1 00+6.87 


NGC1703 


2o 


28.27 


70.46 


73.72 


100.90 


20.001HI 


18.95t°:^t 


20.79t°j8 


15.99ll:?o 


66.75l?;3i 


07+6. 78 


NGC1792 


2i+3d 


64.45 


109.76 


127.63 


171.66 


17.69ini 


IS An+O-22 
18.40_o3g 


24.61+°-i9 


28.8511:^? 


109.551^0^^0 


2.9213:58 


NGC1808 


2i 


196.52 


303.21 






19.7llO;g 




5i.3it^:I? 








NGC2500 


2o 


39.89 


62.58 


69.51 


87.42 


21.19in2 


18.48+°-3? 


41.07t|^I 


15.7411:5? 


f,o 70+1.20 

DO.( Ci_o 99 


2.34l?:tS 


NGC2633 


2i+2o 


39.27 


58.78 


65.20 


83.94 


19.721°:^? 


18.00t°;^° 


17.22t°:g 


ii-56i:5:ll 


55.93_o 32 


6.031^:55 


NGC2805 


2o 


43.92 


119.39 


131.36 


156.92 


22.02±H^ 


i8.iil?;?I 


54.13t|iJ 


21.66li«o 


i3o.iol;5:f2 


-, 07+1.00 

l-'J'-0.06 


NGC2841 




128.91 


301.75 










18.75±°:1I 






49.99li:»» 














NGC2844 




34.22 


73.47 










20.96+15;;^ 






10 00+0.89 
16.S2_o.87 














NGC2906 


2i 


21.97 


71.66 










17.89in« 






q oq+019 
».oy_o 19 














NGC2964 




47.51 


105.16 










18.74ini 






17.1510-36 














NGC3032 




32.11 


70.31 










20.62lO;li 






16.79t0:92 














NGC3049 


2i 


51.21 


84.91 










18.7410:^1 






12.371°:^^ 














NGC3073 




41.65 


78.67 










22.631°:- 






24.36tflt 














NGC3147 




51.36 


143.59 










19.12±n2 






25.29+°il 














NGC3184 


2o 


41.07 


114.08 


127.77 


221.77 


91 n4+o-''i 

z;i.U4_Q 05 


19.3ll°-l« 


120.9711:33 


43.50l?-54 


108.30l?:^2 


0.64lJ:^6 


NGC3206 


2o 


34.53 


58.16 


63.72 


79.95 


91 RS+0-07 

21.68_oo7 


18.75«ig 


29.25li:22 


,0 ,0+0.98 

id.iU_l QQ 


f.. -19+0.92 
64.12_oi9 


q 1 Q + 3.63 
3.J^O-0.12 


NGC3319 


2o 


79.51 


159.44 


170.37 


188.88 


22.421°:^^ 


17.2011^0 


76.89t25^f 


23.5lli^gi6 


162.611^3653 


-0+3. 64 

0-46_o.i6 


NGC3344 


2o 


38.50 


87.34 


97.33 


166.84 


20.12l«:°^ 


18.84l»:li 


50.63li-«° 


30.75l0:f6 


92.19l?:32 


-I 0-1+2.89 
1.81_o.98 


NGC3351 


2o 


116.58 


144.38 


157.75 


249.73 


20.58l»:l^ 


18.7210:11 


82.24l«2lo 


41.3411:54 


142.06lt:^i 


0.37lg:f2 


NGC3368 


2o 


148.73 


171.04 


185.92 


362.27 


oi ^7+0.18 


19.70+g:| 


1 fi-l 7A+167.76 
181.76_4043 


64.00ll-g 


170.02l?-44 


0.94lg:«6 


NGC3486 


2o 


86.45 


164.88 


184.49 


228.61 


o-i 71 +0.06 


15.35_]^ g7 


61.9711-^^ 


21-87lf.« 


198.0513:35 


0.2610:^6 


NGC3504 


1 


41.34 


116.08 






19.97+^5 




20.881°;^ 








NGC3627 


2i+3d 


111.68 


169.41 


257.25 


406.59 


i7.8ii°:ji 


20.49+°-2? 


43.2611:52 


84.98l5:«6 


217.831^:^^ 


0.0610:01 


NGC3726 


2i+2o 


60.96 


130.46 


153.62 


203.00 


19.94in^ 


i6.i5i°;i^ 


47.57tJ:3| 


23.06l?:10 


156.291^:^^ 


00+0.12 

U-^^-0.05 


NGC3794 


1 


19.23 


91.53 






20.93in^ 




18.4810:53 








NGC3938 


2o 


46.42 


151.19 


158.26 


177.71 


19.84in^ 


17.24+0-*? 


33.4810-^3 


21.7313-51 


148.15l3:f5 


-, 4-1+4.30 
1-41-0.39 


NGC3953 


2o 


73.81 


158.36 


166.96 


193.47 


19-25ini 


14.861°;?^ 


45.8010:83 


0, .-,+2:16 
21.47_i7g 


163.30ll-^J 


1 1fi+5.55 
1.1D_0.76 


NGC4051 


2o 


105.68 


138.04 


145.37 


191.10 


21.211°:^^ 


18.2lt°:i» 


71.26li:S 


29.73li-|6 


140.73lj;^6 


-1 00+4. 29 
1.28_o54 


NGC4136 


2o 


37.42 


90.62 


93.84 


111.96 


20.83in^ 


18.79t°:|i 


28.1210:^6 


17.74ll:?5 


90.30+;-|i 


„+12.53 
•3.1i_i.g4 


NGC4245 


2o 


60.42 


74.51 


78.84 


111.09 


20.89in9 


19.22+°|° 


33.2011-^5 


20.27ll-f9 


79.93li;o9 


1.161^:11 


NGC4254 


2o 


56.47 


154.01 


163.63 


192.51 


19.22tn^ 


i4.9ot;;?° 


39.62lo;27 


19.5211:51 


153.271?:^:^ 


1-041^:!^ 


NGC4262 


1 


22.40 


77.85 






19.36+n9 




12.66lO-« 








NGC4298 


2o+3d 


37.42 


58.76 


64.90 


87.99 


10 oc: + 0.06 

l».00_g Qg 


18.30tn^ 


27.361^:31 


19.1311-1^ 


6i.iiir7i 


01 +0.14 
^■°l-0.06 


NGC4298 


2o+3d 


64.90 


88.28 


108.16 


159.61 


18.37in^ 


r,, 11+0.08 


19.4510:31 


oo 47+1.14 
3S.47_i.i7 


99.27l0:f6 


ot.+0.14 
'J-^0-0.06 


NGC4303 


2o 


94.47 


152.85 


159.98 


204.99 


19.55±0:»? 


18.45_Q:g3 


40.841?:^ 


O^.iy ly ij-i 


154.02l65»2^ 


1 01+3.47 
^■y^-0.65 
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Galaxy 
(1) 


Prof, type 

(2) 


ri,i 
(") 
(3) 


r2,i 
(") 
(4) 


ri,o 
(") 
(5) 


r2,o 
{") 
(6) 


(mag/D) 
(7) 


fJ-0,0 

(mag/D) 

(8) 


hi 
(") 
(9) 


ho 

(") 

(10) 


Rbr 

(") 
(11) 


a 

(/") 
(12) 



NGC4314 


2o+(3) 


84.53 


113.49 


121.89 


156.45 


20.70l»i» 


17.09l°:^| 


49.501^-55 


2o.34iE;:65 


114.99lJ:g 


o.59i;5:g 


NGC4319 


3d 


17.94 


49.94 






19-lllS;?g 




13.05lJ:ii 








NGC4321 


2o 


97.79 


135.45 


159.36 


278.88 


20.12in? 


18.77l°:il 


80.691^:51 


48.571^:37 


152.691^:11 


i.5ilg:i 


NGC4351 


3d 


31.09 


56.08 


60.15 


90.43 


20.80ini 


21.451°:!^ 


i9.9ol°:ro 


9^ nQ+2.21 
zo.u»_2 00 


57.78_Q:g3 


ct;+4.22 
o.oo_o 90 


NGC4355 


1 


41.00 


62.92 






19.841°;^ 




11.36l°:S 








NGC4369 


2i 


41.92 


95.83 






19.4210:1? 




14.781°:^? 








NGC4380 


2o 


40.80 


58.89 


68.57 


158.17 


20.721HJ 


19 12+012 


57.93li:^? 


r,. 07 + 0. 84 

^4.37_o94 


62.05ll-f2 


i.ool-^^ 


NGC4394 


2o 


70.23 


83.78 


87.70 


139.04 


21.681HI 


18.81_q:33 


80.561^:^^ 


22.90ll:5« 


84.49+l-:| 


2.62ll:g 


NGC4405 


3d 


25.23 


51.97 


56.32 


83.07 


18.83+'(j-l^ 


21.50l°:il 


10.82l°:g 


21.53+lil 


53. 35 _ 0.80 


1 it;+8.02 
1-13-0.43 


NGC4413 


2i+3d 


40.34 


59.77 


77.73 


105.28 


19.631;;:- 


2i.i9lS;1^7 


15.83_o:58 


25.4lli;50 


60.45ll:«^ 


fl r,o+0.59 
U-2S_o.04 


NGC4424 


1 


78.58 


147.24 






20.67l'^:l« 




32.541IJI 








NGC4450 


2o 


81.10 


92.69 


99.37 


199.64 


20.7310:1^ 


19.2610-1^ 


79.5111°:^^ 


38.0311:52 


99.00l?:2? 


-1 n4+-i-9o 

1-U4-0.37 


NGC4457 


2o 


95.77 


121.28 


129.46 


151.12 


2i.7ilS:l^ 


19.14l°jJ 


52.61+1:11 


26.84l|j^ 


129.74ll:« 


o.6ilg:?? 


NGC4498 


2i 


35.22 


114.81 






19.831^9 




19.18l°:i? 








NGC4501 


3d 


81.67 


195.40 


234.69 


317.39 


18.0lini 


91 ns+0-29 

21.08_o.39 


37.00l°-^? 


70.60+??! 


220.18l^-|;l 


n 10+0. 06 

U.13_o.03 


NGC4548 


2o+3(d) 


94.83 


116.04 


123.53 


170.94 


20.2110:1? 


18.39_o:33 


54.90lg:^^ 


31.311^21 


122.65l?;2i 


fi7+0.18 
U.Dl'_o 04 


NGC4548 


2o+3(d) 


121.66 


172.19 


196.52 


241.44 


18.43_o 11 


20.341°:^ 


31.57l°-«^ 


45.791^:21 


179.43l?:2i 


91 +0.18 
U.21_o.o4 


NGC4579 


2i 


95.53 


259.29 






18.96+0-l« 




41.1811:1 








NGC4580 


1 


26.91 


94.30 






18.94in? 




15.16l°:i° 








NGC4639 


2o 


54.87 


73.78 


78.97 


98.62 


20.16ini 


18.33l°:l 


22.23l°:f4 


14.8411:12 


7r- 07+0.87 
'O.J'_0.74 


1 qn+-i-73 

i.yU_o.06 


NGC4651 


3d 


52.15 


117.58 


125.45 


169.73 


in cc+0.03 
19.66 Q 13 


21.32l]:j-2g 


90 07+0.43 
26.87_o.7g 


38.991^-^1 


131.921^-^^ 


1 97+2.96 
l.^'_0.17 


NGC4689 


3d 


28.50 


104.36 


109.62 


154.35 


20.17int 


20.97l°;i^ 


04 00+0.57 
Ol.oo_o 90 


44.92l^;5i 


107.3ll?ji 


1 qn+7-94 


NGC4713 


2o 


27.84 


36.10 


40.88 


78.07 


20.75in? 


18.63l°:l^o 


44.36lg:^l 


13.36ir3S 


37.43l°:« 


10.51 + ^^20' 


NGC4725 


2o 


238.86 


278.79 


303.74 


384.31 


21.73in? 


19.46l°:g 


130.27lIo'«8 


66.931?:?? 


288.0ll|?^ 


1 79+1.25 
l-'^-0.89 


NGC4750 


1 


33.72 


121.72 






19.38in^ 




20.75l0:5« 








NGC4772 


2o 


84.53 


110.68 


122.36 


148.98 


21.64l°:li 


18.46l0:f, 


61.7415:™ 


23.9ll2:«2 


114.2411:5^ 


0.431J:?? 


NGC4793 


3d 


26.29 


47.33 


54.90 


88.97 


17.62+n^ 


2o.43i°:3; 


10.37l°i? 


20.12+1-8? 


55.2811-50 


0.66lg:°? 


NGC4806 


2o 


23.68 


33.03 


34.50 


43.41 


20.20in2 


15.82_o:42 


i2m+lil 


A 09+0.56 
4.y/_o 24 


33.54lo;39 


3.4011^3^ 


NGC4826 


2o 


72.01 


171.83 


236.00 


347.23 


IS 9c: + 0.02 


i7.6il°:2 


56.70l°:5» 


48.7412:57 


203.131?":?! 


n ns+0.52 
0.08_o.oi 


NGC4942 


2o 


15.30 


34.32 


39.08 


65.55 


90 t;9+0-t'i 


i9.6il°:^| 


IQ oc+0.06 

ld.»t>_0 Qg 


10.28lg:f3 


33.481?:?? 


R 07+3.63 


NGC4980 


1 


10.73 


23.98 






1Q Sfi+"-07 

19.86_o,)i 




io.i6l°:^oi 








NGC4984 


2o+2o 


77.06 


98.22 


101.82 


143.74 


+0.18 
^J-''-0.17 


20.3ll?:^g 


88.6211^" 


39.57l|7i 


96.10ltP, 


c 19+4.01 

3-1^-0.35 


NGC4984 


2o+2o 


116.19 


157.32 


163.71 


181.28 


20.92+'(;-l? 


18.90+?-^g 


._ „„+3.40 
4'-''-2.60 


30.701^-71 


160.361^-59 


+4.01 
0-78_o.35 


NGC5055 


3d 


97.32 


239.57 


275.93 


490.91 


18.93in« 


20.451°;}^ 


68.47+^-5^ 


111.731^:58 


247.0515:?! 


U.i4_o 05 


NGC5068 


2o 


86.09 


147.59 


155.08 


235.29 


20.72in? 


18.56+°-g 


65.27l^;»i 


36.16+3-« 


161.24li-?9 


l-33+g'?3 


NGC5240 


2i+2o 


23.68 


54.67 


59.29 


72.38 


19.84in^ 


ic: 77+0.59 


1 "? Qf;+0.18 

10.0U_Q Qg 


719+0.52 

'•1^-0.35 


57.171":^ 


i.08i§:f5 


NGC5248 


1 


50.80 


106.50 






I9.34+H5 




35.46l°-^l 








NGC5273 


2i 


39.23 


99.73 






19.271°:!^ 




16.581°:^^ 








NGC5339 


2i+3d 


40.38 


57.21 


61.42 


82.66 


18.23+'(;-?^ 


20.40l°« 


ii-o6lg:ro 


n.sAtlit 


CO -IO + 1.70 


2.0415:5? 


NGC5371 


2o 


29.65 


93.65 


108.70 


133.17 


19.8linj 


13.69ll:« 


36.4ll°:f7 


12.92l?:fg 


112.88+1-?? 


n OO + 0.46 
U..3J_o 07 


NGC5377 


2o 


86.66 


112.74 


119.05 


168.69 


21.95in^ 


18.781°-^^ 


70.651152 


25.69+1-?^ 


117.711^8^ 


o.8olg:^2i 


NGC5468 


2i+2o+(3d) 


21.66 


56.15 


60.96 


87.70 


20.701^1 


18.631°;?^ 


25.20lO:«^ 


13.73l»-:5« 


57.34l?:g^ 


9 qA+3.94 

^■y*-o.2i 
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Galaxy 
(1) 


Prof, type 

(2) 


ri,i 
(") 
(3) 


r2,i 
{") 
(4) 


ri,o 
(") 
(5) 


r2,o 
{") 
(6) 


(mag/D) 
(7) 


fJ-0,0 

(mag/D) 

(8) 


hi 
(") 
(9) 


ho 

(") 

(10) 


Rbr 

(") 
(11) 


a 

(/") 
(12) 



NGC5480 


1 


31.53 


78.94 






19.55iri? 




13.9910:2 








NGC5584 


2o 


36.36 


68.36 


73.82 


112.00 


20.991^9 


19.4710:^1 


35.62ll:3g 


2i.2ill:S 


70 07+1.37 


9 ^7+5.70 


NGC5585 


2o 


81.93 


132.20 


139.74 


178.95 


22.17+0:| 


18.33+0-34 


69.03+^-|^ 


24.4811:50 


133.96l0-|;3 


1 01+3. 18 
1-31-0.30 


NGC5597 


2i+3d 


45.42 


71.37 


74.62 


89.45 


18.31_q;i3 


20.74lo;f, 


13.14l°i? 


22.17l?:f3 


72.33l0-i3 


3.78lf32 


NGC5645 


2o 


26.07 


52.14 


57.20 


79.98 


20.28ini 


19.061°:?^ 


19.0410:26 


,0 07+0.73 
l'^-°'-0.59 


57.411-1^ 


2.9215:48 


NGC5668 


1 


38.79 


103.76 






20.60+0-1; 




23.021111 








NGC5669 


2o 


43.08 


64.62 


69.91 


114.50 


21.62+0-11 


20.44+0-15 


41.92+3-04 


25.16+1-58 


68.2215:54 


-17+5.63 
■^-l'-0.71 


NGC5713 


3d 


28.45 


55.54 


60.69 


93.20 


18 tso+o-o^ 


19.69in? 


14.19l°:S 


19.9310:50 


53.9215:02 


-, c:9+5.25 
1-0^-0.66 


NGC5740 


2i 


30.97 


90.24 






18.6810-10 




14 qs+0--45 
14.d»_Q 4g 








NGC5762 


3d 


20.83 


36.57 


39.03 


58.71 


21 44+0-06 


22.6210:103 


12.6010:35 


20.35ll:« 


36.10l?:30 


790+13.48 
'•^•^-3.07 


NGC5806 


1 


53.40 


140.38 






20.02+0-11 




28.00ll-^^ 








NGC5850 


2o 


97.45 


127.03 


138.67 


188.60 


21.82+0-06 


19.5710:^9 


73.54l3;53 


04 90+2.74 

•-'^■^^-3.03 


132.94l?:00 


0.4312:18 


NGC5892 


2o 


29.52 


83.21 


94.12 


106.31 


2i.o2io:jo 


16.80+?-g^ 


28.09lJ-g 


13.08+1-;^'; 


95.17ll4^^g 


0.46l°:f2 


NGC5915 


2o 


21.03 


40.17 


43.96 


55.00 


19.2910-08 


15.59li;oo 


11.42lo;33 


^ 09+0.62 


4i.96i;:«o 


4.8llS°8i! 


NGC5949 


2o 


14.15 


23.96 


27.84 


84.65 


19.63lo:o4 


18.1810:11 


25.5811:52 


11.5310-33 


27.97lJ:00 


1 90+8.71 


NGC5950 


2o 


20.90 


36.10 


41.95 


55.84 


21.0810-0^ 


17.591°:^? 


19.7210:30 


7 01+0.32 
'•81-0.55 


41.5710:^0 


n or;+0.88 
U.»0_o 22 


NGC5958 


2i+3(d) 


15.15 


35.32 


37.96 


54.78 


18.95±0:?I 


21.8310-18 


7fi1+0-21 


-17 99+2.44 
l'-^^-3.56 


36.1310:51 


1 sq+i7--l9 
l-89_07g 


NGC5964 


2o 


51.76 


87.14 


94.04 


136.31 


21.7010-Ji 


20.18lo;22 


52.0611^2 


28.7412-13 


89.96+;-00 


2 65+4-71 
/.bt)_Q 20 


NGC5985 


2o 


46.36 


53.64 


57.27 


149.70 


20.23+O-g 


18.7510:1^ 


63.38+^|-^^ 


9K QC + 0.94 

25.86_o,9g 


59.49+13,44 


1 QS+8.71 
1-38-0.69 


NGC6012 


3d+(2o) 


29.03 


59.74 


63.10 


95.70 


19.62in^ 


22.3210:15 


IS-lllgifr 


39.6711:50 


60.6810:50 


q 1 Q + S-58 


NGC6014 


1 


24.16 


60.69 






20.0910-06 




13.85lO:3| 








NGC6063 


2o+2o 


16.59 


25.58 


27.20 


42.17 


20.0710-Jo 


18.9710:^8 


15.6310-2^ 


10.1210:30 


28.9310:24 


3.09l?8,07 


NGC6063 


2o+2o 


26.08 


41.18 


42.55 


53.28 


19-20l°:J° 


17 22+0-28 


io.64io;2i 


7 04+0.36 
'•■^^-0.28 


43.0310:24 


-r-sotl^f 


NGC6106 


1 


28.27 


80.71 






iq oc: + 0.09 

l».00_g Qg 




14 27+0-51 








NGC6140 


2o 


41.57 


86.10 


91.02 


105.77 


21.67lO;J3 


18.85l0:|0 


37.22+2-^3 


10 90+2.10 
18.28_2.36 


93.4311:11 


2.0314:328 


NGC6155 


1 


21.32 


55.76 






19.03in^ 




qr|+0:26 
o-yU_Q 3Q 








NGC6181 


2o 


37.19 


50.88 


54.99 


75.29 


19.30+0-08 


16.1910:^8 


17.8610:51 


S QS+0--10 
8-98_o.31 


51.8010:^4 


1 99+6.21 
1-^^-0.39 


NGC6207 


3s 


22.14 


75.85 






18.68lo:o4 




13.7310-1^ 








NGC6217 


2o 


63.40 


85.73 


89.33 


104.21 


20.48lO:iJ 


16.91+1-3® 


21.3810-06 


12.09+2-63 


9i-6ilJ:JJ 


c:o+5.59 
■^-O'^-0.36 


NGC6267 


2i+3d 


27.55 


42.07 


44.92 


63.34 


17.8610-31 


20.3510:^8 


07+0. 48 
°-^'-0.37 


13.99+2-00 


47.9411:80 


-I 7r-+9.37 
l-'°-0.59 


NGC6278 


2o 


22.16 


35.49 


47.45 


65.69 


1Q RS+0-06 
19.68_o 14 


17.85+0-26 


15.76+0-fi 


9.09lO-« 


36.17l?:i« 


49+0.16 
U-4^-0.06 


NGC6339 


2i+2o 


38.02 


69.18 


72.50 


99.24 


20.95lO:,ii 


18.78lo;3i 


26.46lj;o4 


15.07i;-:o32 


69.96+?-!^ 


90+7.41 
'-'■^'-'-0.96 


NGC6412 


2o 


20.91 


34.93 


38.62 


74.29 


20.9810:0^ 


IS QQ+0.08 
18.93_oog 


45.281^-^^ 


14-0610:33! 


38.5710-^5 


5-15111:11 


NGC6434 


1 


24.11 


58.30 






19.0510:10 




10.7610:37 








NGC6923 


2i 


28.84 


90.51 






IS A1+0-10 

18.41_oog 




13.16lO-g 








NGC7098 


2o 


111.98 


159.15 






18.8910:36 




27.681^32 








NGC7140 


2o 


88.80 


121.68 


129.62 


142.47 


22.2310:11 


15.83+1-82 


50.7313:^8 


15-25l^:« 


128.4711:^^ 


0-63l3:t^ 


NGC7479 


2o 


64.84 


99.80 


107.61 


136.13 


19-90in^ 


15.7710:^^ 


37.5410:10 


15.5111:33! 


100.44+1-31 


0.64l^o:o9 


NGC7552 


2o 


64.89 


88.60 


95.20 


116.58 


20.6910:0^ 


15.82lO:« 


37.72+1-35 


13.38l?:0i 


93.07lO-:oS 


0.76l6:i 


NGC7625 


1 


27.40 


58.38 






18.7710:11 




q fifi+0-33 








NGC7661 


2o 


25.88 


45.69 


50.00 


62.16 


99 90 + 0.05 


17 09+0.33 
17.82_o37 


28.9211-31 


-iQ+0.47 

8-19_o.45 


46.3510:32 


1 1fi+5-62 
1-10-0.35 


NGC7731 


2o 


25.41 


32.82 


34.35 


44.47 


21.9210:^1 


18.6310:^3 


2O.98I144I8 


7 00+0. 63 


34.0610:^3 


11.39li5i50 
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Galaxy 
(1) 


Prof, type 
(2) 


ri,i 
(") 
(3) 


r2,i 
{") 
(4) 


ri,o 
(") 
(5) 


r2,o 
{") 
(6) 


A«0,i 
(mag/D) 

(7) 


fJ.0,0 

(mag/D) 

(8) 


(") 
(9) 


ho 

(") 

(10) 


(") 
(11) 


a 

{/") 
(12) 



NGC7741 


2i+2o 


50.80 


107.70 


113.80 


132.08 


20.45in5 


16.29lgg 


32.06+[]-^J 


14 qi+1.36 

i4.yi_j Q9 


106.79l^;| 


o-»^-l:ll 


NGC7742 


3(s) 


30.23 


50.89 


62.85 


85.46 


19.36in? 


21.30lO:i» 


12.42t°-3? 


91 11+1'69 
^lJ^l-1.68 


53.80_Q;g4 


49+0.18 
U.4^_0.08 


NGC7798 


1 


37.12 


55.42 






18.441°;^? 




8.40t°i? 








PGC003853 


2o 


62.59 


116.77 


125.19 


162.01 


2i.73l°;J« 


18.851^4 


54.83t?;ro 


25.93tJ;^^ 


130.58l^;|| 


c;q+4.03 
u.oa_Q 22 


PGC006667 


l+(2o) 


28.86 


78.06 






21.36in^ 




^1. '1-0.76 








PGC011367 


2i 


33.53 


70.72 






19.951°-^ 




10 7^+0.70 








PGC012633 


1 


27.81 


45.41 






1Q C7+0.21 
19.87_o27 




q oc+o.ee 








PGC012664 


1 


27.81 


63.46 






21.66in! 




18.72l}:°« 








PGC014037 


2i+2o 


13.34 


23.61 


27.90 


34.34 


20.30in? 


18.12l°:g 


8.261°;^? 


5.i6lg:i? 


27A9tlit 


1 17+0.73 
-^■-•-'-0.27 


UGC00313 


2i 


9.36 


30.30 






19-45in^ 




f. .,+0.08 








UGC01551 


2i 


22.10 


74.01 






21.35in? 




91 c:4+0.79 








UGC02443 


2o 


10.98 


18.14 


24.83 


53.32 


20.6liO-°I 


18.84t°i^ 


20.57^3 


o r,-,+0.31 

».^J-_o.37 


99 91+1.74 


0.75±0;« 


UGC03070 


1 


13.12 


40.01 






20.86inS 




10.53l°g 








UGC09356 


2i+3d 


10.11 


20.59 


22.46 


35.94 


19.501^1 


20.29lO;J? 


7 65+0-12 
'.00-0.06 


10.13±0;^1 


22.511^0^9 


8.06lJ^,f 


UGC10437 


3d 


9.30 


19.57 


21.34 


55.35 


20.611°;°^ 


r,r, .0 + 0.05 


'.uy_o.o9 


17.48ir9'3 


19.8710;!^ 


9-45lS:^9f 


UGC10445 


2o+3d 


20.11 


34.04 


36.47 


53.93 


22.121°;- 


20.26tg:^^ 


"^9 Qn+0.41 
o.2.au_Q 3Q 


12.69lij9 


OC qO+0.21 

00.00_Q g2 


6 fi5+3.''3 
O.D0_0.73 


UGC10445 


2o+3d 


35.14 


51.94 


56.36 


74.49 


20.251°-? 


22.23+'^oll 


10 cc+0.41 


22.30li;|^ 


53.53_Qg2 


c 71+3.73 
o.'J^-0.73 



Note. — Structural properties of the disk profiles. (1): Galaxy name. (2): Profile type (sec Sect. f3T2| l. Terms between brackets denote an uncertain classification. (3,4): Radial limits of the 
inner exponential. (5,6): Radial limits of the outer exponential. (7,8): Extrapolated central surface brightness of the inner and outer exponential. No inclination correction has been applied. 
(9,10): Radial scale-length of the inner and outer exponential. (11): Break radius. (12): Break sharpness: large values correspond to abrupt breaks and low values to smoother ones. 
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TABLE 3 
Bar properties. 



CO 

o 





Bar 
flag " 




^max 






^min 




APA = IC 


1° 




Ae = 0.1 




Final dcprojcctcd 


Galaxy 


a(") 


e 


PA(") 


a(") 


e 


PA(") 


O 


€ 


PAi") 


a(") 


e 


PA(*) 


<} 


e 


PA(°) 


ESO026-001 


C 


6 


0.534 


66.3 


16 


0.478 


61.7 


20.2 


0.596 


56.3 


26.4 


0.434 


22.1 


11.5 ±5.2 


0.542 


35.6 


ESO027-001 


B 


18 


0.533 


59.4 


28 


0.285 


102.6 


23.2 


0.464 


69.4 


24.4 


0.433 


74.3 


26.9 ±3.7 


0.628 


165.4 


ESO079-007 


B 


10 


0.628 


24.3 


16 


0.150 


5.6 


13.7 


0.350 


14.3 


12.4 


0.528 


24.7 


11.2±1.2 


0.547 


6.1 


ESO482-035 


B 


20 


0.723 


28.5 


26 


0.444 


18.0 


25.8 


0.447 


18.5 


22.6 


0.623 


27.1 


24.6 ±1.5 


0.673 


41.9 


ESO549-018 


C 


20 


0.656 


16.5 


26 


0.169 


39.2 


24.7 


0.172 


26.5 


22.3 


0.556 


18.6 


21.2 ±1.2 


0.442 


3.2 


IC0167 


B 


6 


0.487 


137.5 


8 


0.478 


130.7 


9.1 


0.503 


127.5 


16.6 


0.387 


93.6 


8.7 ±1.0 


0.430 


147.3 


IC0749 


C 


10 


0.586 


40.8 


16 


0.139 


23.5 


15.2 


0.273 


30.8 


13.6 


0.486 


41.7 


13.2 ±2.0 


0.630 


2.8 


IC0800 


B 


20 


0.779 


149.0 


38 


0.269 


155.3 


55.0 


0.291 


159.0 


23.9 


0.679 


155.0 


22.1 ±1.9 


0.721 


165.5 


IC1158 


C 


4 


0.364 


76.9 


6 


0.060 


133.4 


4.3 


0.310 


86.9 


4.7 


0.264 


95.5 


6.5 ±0.1 


0.561 


14.4 


IC1933 


C 


12 


0.639 


47.3 


24 


0.385 


62.0 


17.6 


0.583 


57.3 


18.6 


0.539 


63.4 


15.0 ±2.7 


0.392 


163.5 


IC1954 


B 


4 


0.698 


90.1 


10 


0.338 


110.9 


9.0 


0.436 


100.1 


6.8 


0.598 


89.0 


6.8 ±1.8 


0.658 


139.0 


IC2007 


B 


10 


0.744 


14.1 


16 


0.309 


31.4 


14.1 


0.453 


24.1 


12.0 


0.644 


14.4 


14.2 ±1.4 


0.751 


35.7 


IC2051 


B 


22 


0.472 


13.9 


28 


0.280 


44.8 


25.3 


0.353 


23.9 


25.1 


0.372 


22.4 


36.3 ±1.8 


0.633 


15.9 


IC4237 


B 


16 


0.691 


117.5 


20 


0.146 


127.4 


16.7 


0.549 


127.5 


16.5 


0.591 


124.6 


16.9 ±0.1 


0.626 


151.5 


IC5069 


B 


12 


0.539 


51.0 


24 


0.034 


31.5 


16.9 


0.435 


61.0 


16.9 


0.439 


60.7 


14.6 ±2.5 


0.535 


35.4 


IC5332 


C 


6 


0.374 


128.2 


14 


0.138 


37.0 


8.0 


0.316 


118.2 


10.9 


0.274 


94.2 


7.3 ±1.0 


0.399 


160.4 


NGC0150 


B 


18 


0.616 


54.1 


26 


0.207 


170.5 


22.2 


0.510 


44.1 


22.1 


0.516 


44.6 


35.1 ±4.8 


0.740 


18.2 


NGC0254 


B 


26 


0.510 


132.1 


38 


0.467 


133.2 


0.0 


0.000 


0.0 


57.8 


0.410 


129.1 


32.0 ±6.0 


0.249 


1.1 


NGC0255 


B 


4 


0.676 


57.0 


10 


0.492 


56.6 


15.9 


0.423 


47.0 


7.9 


0.576 


55.2 


6.2 ±2.0 


0.677 


137.9 


NGC0289 


B 


18 


0.578 


125.2 


20 


0.000 


174.1 


18.4 


0.460 


135.2 


18.4 


0.478 


133.6 


18.4 ±0.4 


0.475 


9.3 


NGC0337 


C 


14 


0.767 


1.0 


24 


0.654 


176.0 


27.5 


0.666 


171.0 


23.5 


0.667 


176.0 


24.4 ±5.9 


0.811 


157.6 


NGC0470 


B 


24 


0.550 


11.3 


30 


0.225 


170.1 


28.2 


0.267 


1.3 


25.4 


0.450 


11.1 


37.6 ±1.6 


0.616 


154.5 


NGC0685 


B 


20 


0.716 


54.9 


30 


0.167 


169.0 


26.5 


0.473 


44.9 


22.2 


0.616 


57.7 


24.6 ±1.1 


0.731 


34.9 


NGC0718 


B 


20 


0.414 


153.9 


28 


0.317 


149.3 


30.8 


0.312 


143.9 


30.4 


0.314 


145.2 


25.1 ±4.3 


0.388 


142.6 


NGC0918 


C 


6 


0.422 


6.9 


10 


0.413 


167.0 


8.5 


0.422 


176.9 


15.0 


0.322 


150.7 


9.1 ±1.2 


0.434 


151.5 


NGC0936 


B 


40 


0.489 


80.6 


58 


0.160 


112.2 


50.7 


0.270 


90.6 


48.2 


0.389 


83.1 


52.4 ±4.8 


0.521 


31.9 


NGC0941 


C 


10 


0.472 


13.4 


14 


0.343 


35.7 


11.2 


0.441 


23.4 


13.2 


0.372 


33.4 


12.3 ±1.1 


0.418 


135.1 


NGC0986 


B 


48 


0.691 


56.9 


74 


0.546 


38.0 


64.6 


0.593 


46.9 


64.6 


0.591 


46.8 


61.6 ±9.5 


0.707 


28.9 


NGC0991 


C 


24 


0.419 


83.7 


28 


0.234 


71.0 


24.6 


0.378 


73.7 


25.5 


0.319 


59.0 


25.4 ±0.4 


0.432 


31.9 


NGC1015 


B 


22 


0.527 


102.1 


26 


0.072 


103.1 


27.0 


0.072 


92.1 


24.4 


0.427 


102.0 


24.2 ±1.3 


0.537 


32.9 


NGC1022 


B 


18 


0.401 


107.3 


34 


0.145 


58.7 


22.8 


0.365 


97.3 


26.1 


0.301 


89.4 


22.1 ±2.5 


0.443 


160.8 


NGC1042 


C 


32 


0.648 


115.9 


44 


0.341 


79.9 


40.2 


0.625 


105.9 


42.4 


0.548 


97.9 


45.2 ±5.5 


0.709 


16.1 


NGC1073 


B 


46 


0.731 


60.6 


68 


0.079 


144.6 


66.1 


0.488 


50.6 


60.8 


0.631 


62.7 


58.4 ±8.2 


0.735 


140.6 


NGC1087 


B 


18 


0.561 


137.2 


22 


0.178 


79.6 


18.6 


0.462 


127.2 


18.6 


0.461 


127.1 


25.4 ±1.3 


0.611 


28.6 


NGC1097 


B 


94 


0.648 


147.0 


118 


0.508 


144.6 


170.5 


0.453 


157.0 


115.9 


0.548 


147.9 


110.0 ±12.1 


0.515 


24.0 


NGC1179 


B 


14 


0.534 


155.7 


20 


0.203 


166.5 


17.5 


0.324 


165.7 


15.1 


0.434 


151.8 


18.4 ±0.8 


0.621 


14.3 


NGC1187 


C 


40 


0.730 


127.9 


42 


0.462 


118.7 


42.8 


0.469 


117.9 


40.8 


0.630 


124.5 


40.4 ± 0.4 


0.649 


4.1 


NGC1232 


B 


24 


0.560 


89.3 


36 


0.067 


52.5 


29.2 


0.427 


99.3 


27.9 


0.460 


95.4 


26.0 ±1.9 


0.483 


171.3 


NGC1255 


C 


6 


0.580 


117.2 


12 


0.449 


115.9 


32.9 


0.484 


107.2 


10.0 


0.480 


115.8 


8.1 ±2.1 


0.431 


169.2 


NGC1258 


C 


10 


0.341 


80.2 


14 


0.221 


50.4 


12.0 


0.256 


70.2 


12.8 


0.241 


62.2 


14.2 ±1.1 


0.478 


165.5 


NGC1300 


B 


90 


0.786 


102.0 


134 


0.389 


89.4 


125.7 


0.447 


92.0 


124.3 


0.686 


105.4 


111.4 ±17.5 


0.781 


139.6 


NGC1302 


B 


28 


0.339 


169.5 


42 


0.140 


177.4 


62.7 


0.125 


159.5 


33.3 


0.239 


176.9 


30.7 ±2.6 


0.292 


172.2 


NGC1306 


C 


8 


0.433 


100.8 


18 


0.063 


49.4 


13.5 


0.235 


90.8 


11.1 


0.333 


96.6 


11.3 ±1.9 


0.474 


29.8 


NGC1325A 


C 


22 


0.404 


175.5 


26 


0.012 


132.5 


24.7 


0.256 


165.5 


24.5 


0.304 


172.0 


24.8 ± 1.4 


0.415 


36.8 


NGC1326 


B 


32 


0.423 


18.3 


44 


0.246 


24.5 


70.4 


0.153 


28.3 


37.4 


0.323 


22.0 


42.8 ±3.2 


0.491 


25.8 


NGC1338 


B 


12 


0.545 


121.2 


16 


0.136 


116.3 


13.0 


0.458 


111.2 


13.1 


0.445 


109.7 


13.9 ±0.4 


0.583 


156.8 


NGC1341 


B 


10 


0.672 


161.4 


22 


0.393 


121.6 


16.6 


0.560 


151.4 


16.4 


0.572 


152.5 


13.3 ±3.3 


0.653 


169.8 


NGC1350 


B 


56 


0.582 


37.5 


62 


0.502 


34.5 


68.5 


0.512 


27.5 


127.0 


0.482 


23.9 


81.6 ±3.9 


0.586 


148.5 


NGC1367 


C 


22 


0.447 


107.6 


34 


0.222 


116.0 


29.1 


0.363 


97.6 


29.8 


0.347 


96.5 


31.1 ±5.6 


0.379 


41.1 


NGC1398 


B 


40 


0.381 


13.2 


46 


0.007 


177.2 


45.5 


0.072 


3.2 


43.4 


0.281 


17.2 


54.7 ±2.1 


0.528 


4.5 


NGC1433 


B 


86 


0.656 


95.1 


124 


0.294 


99.4 


160.2 


0.263 


105.1 


104.6 


0.556 


97.4 


110.2 ±11.0 


0.696 


161.5 


NGC1436 


C 


8 


0.319 


170.1 


12 


0.235 


133.3 


10.6 


0.265 


160.1 


149.0 


0.219 


150.0 


10.3 ±1.3 


0.260 


142.7 


NGC1438 


B 


28 


0.715 


54.3 


48 


0.537 


67.9 


39.4 


0.579 


64.3 


35.4 


0.615 


59.2 


34.9 ± 3.4 


0.571 


145.1 


NGC1452 


B 


26 


0.489 


31.4 


36 


0.082 


24.7 


36.4 


0.082 


41.4 


34.2 


0.389 


25.8 


47.3 ± 6.6 


0.673 


4.0 



pi 
o 



o 



TABLE 3 — Continued 



oar Cmax 

Galaxy flag ~a(^ i PA{") 



APA = 10° 



'WT 



PA(") 



'WT 



PA(») 



NGC1493 B 26 0.620 78.8 

NGC1512 B 72 0.661 43.5 

NGC1533 B 24 0.372 166.4 

NGC1559 B 8 0.780 84.5 

NGC1566 B 32 0.509 3.1 

NGC1637 B 22 0.521 77.0 

NGC1640 B 30 0.631 46.0 

NGC1672 B 84 0.695 94.6 

NGC1688 B 10 0.755 137.9 

NGC1808 B 76 0.672 144.4 

NGC2500 C 6 0.450 6.7 

NGC2633 B 20 0.584 170.8 

NGC3049 B 42 0.792 30.2 

NGC3184 C 24 0.323 71.1 

NGC3206 C 6 0.612 80.3 

NGC3319 B 18 0.861 38.7 

NGC3344 B 26 0.379 6.6 

NGC3351 B 54 0.465 112.5 

NGC3368 B 64 0.420 125.6 

NGC3486 B 22 0.558 75.5 

NGC3504 B 34 0.651 145.8 

NGC3627 B 62 0.767 159.6 

NGC3726 B 42 0.786 30.4 

NGC3953 B 28 0.544 47.4 

NGC4051 B 66 0.745 131.6 

NGC4136 C 16 0.503 22.8 

NGC4245 B 36 0.521 135.1 

NGC4262 B 14 0.300 17.4 

NGC4303 B 52 0.695 4.9 

NGC4314 B 66 0.647 146.7 

NGC4319 B 18 0.510 162.4 

NGC4321 C 60 0.608 104.8 

NGC4369 B 4 0.598 152.2 

NGC4394 B 42 0.581 142.7 

NGC4405 B 10 0.596 7.6 

NGC4413 B 8 0.580 14.0 

NGC4424 B 8 0.840 110.3 

NGC4450 C 44 0.542 7.4 

NGC4457 B 30 0.378 66.3 

NGC4498 B 32 0.813 123.1 

NGC4548 B 58 0.538 61.0 

NGC4579 B 42 0.486 58.9 

NGC4639 B 24 0.562 168.7 

NGC4713 C 12 0.636 83.9 

NGC4725 B 128 0.685 49.0 

NGC4942 C 6 0.387 174.1 

NGC4984 B 28 0.305 92.2 

NGC5068 B 20 0.728 149.1 

NGC5339 B 24 0.702 81.9 

NGC5371 B 22 0.394 98.4 

NGC5377 B 58 0.661 44.8 

NGC5468 C 8 0.420 146.9 

NGC5584 B 8 0.490 36.6 

NGC5597 B 14 0.535 49.5 

NGC5645 C 12 0.554 133.8 



44 0.013 2.7 

98 0.291 46.1 

42 0.065 109.9 

24 0.420 74.6 

44 0.129 94.5 

38 0.132 65.9 

38 0.303 47.3 

92 0.519 94.3 

64 0.287 170.3 

136 0.572 140.7 

12 0.357 13.7 

24 0.523 171.1 

52 0.376 28.7 

32 0.163 124.8 

14 0.381 85.0 

30 0.776 38.6 

32 0.098 158.1 

68 0.119 157.1 

92 0.340 142.3 

28 0.225 72.4 

44 0.499 150.6 

82 0.272 172.1 

46 0.486 26.5 

38 0.369 39.4 

82 0.587 133.9 

20 0.140 90.3 

46 0.252 145.6 

20 0.118 164.2 

60 0.203 11.2 

102 0.416 145.9 

22 0.221 159.3 

72 0.169 135.7 

14 0.071 160.3 

54 0.221 140.6 

18 0.276 15.2 

22 0.096 13.1 

18 0.616 104.5 

54 0.404 4.1 

50 0.281 73.8 

48 0.541 131.0 

70 0.402 66.3 

54 0.319 70.4 

48 0.178 140.0 

16 0.077 38.9 

166 0.332 42.4 

8 0.181 170.7 

52 0.122 74.2 

32 0.509 151.4 

38 0.038 53.6 

36 0.357 74.8 

72 0.625 42.0 

12 0.309 166.4 

12 0.333 25.5 

32 0.428 84.2 

18 0.333 112.3 



36.6 0.304 68.8 
178.5 0.327 53.5 

35.1 0.189 156.4 

24.1 0.426 74.5 

37.2 0.358 13.1 

26.8 0.481 67.0 

54.5 0.055 56.0 
109.9 0.519 84.6 

40.7 0.600 147.9 
234.8 0.600 134.4 

8.6 0.428 16.7 

32.8 0.562 160.8 
87.7 0.202 40.2 

26.6 0.246 81.1 

21.9 0.240 90.3 

75.5 0.599 28.7 

27.6 0.310 16.6 

64.7 0.349 122.5 

74.9 0.374 135.6 
33.4 0.249 65.5 
58.9 0.507 155.8 

81.0 0.278 169.6 
51.2 0.530 20.4 
38.6 0.376 37.4 

102.1 0.550 121.6 

18.4 0.425 32.8 

43.2 0.327 145.1 

16.8 0.175 7.4 

66.3 0.259 14.9 
106.5 0.354 136.7 

22.9 0.221 152.4 

70.6 0.458 114.8 

11.5 0.187 162.2 

80.4 0.088 132.7 

30.1 0.320 17.6 

22.7 0.097 24.0 
36.0 0.616 100.3 

101.8 0.431 177.4 

73.0 0.412 76.3 

56.6 0.560 133.1 
73.4 0.400 71.0 
53.6 0.328 68.9 

34.1 0.303 158.7 

14.2 0.496 73.9 
175.4 0.349 39.0 

8.9 0.181 4.1 

37.3 0.202 82.2 
41.9 0.472 159.1 
34.6 0.402 71.9 

28.4 0.370 88.4 
114.1 0.431 34.8 

10.3 0.358 156.9 

11.8 0.350 26.6 
25.1 0.540 59.5 
15.0 0.449 123.8 





Ae = 0.1 




Final dcprojcctcd 


a{") 


e 


PAC) 


a{") 


e 


PA(") 


30.2 


0.520 


76.9 


28.3 ±2.2 


0.593 


162.3 


88.4 


0.561 


45.2 


88.7 ±8.9 


0.626 


139.0 


32.6 


0.272 


162.7 


28.5 ±4.3 


0.361 


29.4 


13.6 


0.680 


79.1 


11.4 ±2.8 


0.694 


30.3 


36.8 


0.409 


10.1 


40.5 ±2.8 


0.584 


1.7 


30.5 


0.421 


52.1 


30.6 ±2.3 


0.598 


156.8 


33.9 


0.531 


47.1 


32.0 ±1.9 


0.589 


171.0 


91.0 


0.595 


93.5 


95.6 ±3.9 


0.711 


29.5 


38.9 


0.655 


145.3 


30.0 ± 17.2 


0.767 


34.7 


161.6 


0.572 


138.4 


114.0 ±31.5 


0.615 


35.6 


34.8 


0.350 


32.1 


7.9 ±1.3 


0.476 


31.5 


36.2 


0.484 


155.9 


22.8 ±2.1 


0.449 


157.0 


48.4 


0.692 


27.6 


45.2 ±3.2 


0.690 


2.2 


28.2 


0.223 


97.0 


27.2 ±1.2 


0.366 


20.5 


7.2 


0.512 


83.0 


9.0 ±0.8 


0.710 


168.4 


40.1 


0.761 


37.6 


24.1 ±6.0 


0.758 


172.9 


28.2 


0.279 


17.7 


29.4 ±1.0 


0.423 


160.1 


64.6 


0.365 


121.1 


79.0 ±6.5 


0.599 


6.9 


142.3 


0.320 


135.0 


96.0 ±5.0 


0.534 


21.5 


22.8 


0.458 


76.3 


22.8 ±0.4 


0.410 


163.1 


38.6 


0.551 


149.2 


36.4 ±2.3 


0.627 


8.2 


75.3 


0.667 


155.9 


75.5 ±9.2 


0.625 


153.5 


42.7 


0.686 


30.4 


43.8 ± 0.4 


0.672 


18.9 


36.3 


0.444 


47.9 


47.7 ±7.0 


0.583 


152.4 


73.4 


0.645 


138.4 


70.6 ±4.3 


0.665 


8.8 


18.6 


0.403 


37.2 


18.2 ±1.3 


0.524 


158.7 


40.7 


0.421 


140.4 


42.5 ±2.3 


0.535 


36.2 


16.2 


0.200 


10.8 


15.4 ±1.1 


0.258 


30.7 


58.3 


0.595 


5.1 


56.8 ±3.3 


0.683 


35.0 


88.4 


0.547 


147.1 


83.4 ±12.1 


0.672 


12.7 


20.4 


0.410 


165.4 


20.1 ±1.4 


0.424 


27.8 


70.4 


0.508 


111.2 


80.5 ±5.0 


0.679 


16.9 


8.2 


0.498 


149.5 


6.2 ±2.2 


0.606 


167.8 


49.6 


0.481 


144.3 


49.8 ± 4.3 


0.571 


44.9 


11.2 


0.496 


11.5 


10.7 ±0.6 


0.470 


166.3 


19.0 


0.480 


13.8 


17.7 ±7.3 


0.643 


25.9 


11.7 


0.740 


109.1 


11.7 ±2.2 


0.785 


40.1 


49.6 


0.442 


8.6 


49.4 ± 3.4 


0.393 


27.0 


82.6 


0.278 


76.2 


40.0 ± 10.0 


0.347 


176.1 


40.2 


0.713 


122.1 


40.3 ±5.0 


0.718 


148.9 


68.5 


0.438 


63.7 


73.9 ±6.1 


0.605 


5.4 


51.0 


0.386 


62.6 


54.3 ±5.0 


0.488 


36.8 


30.6 


0.462 


163.3 


34.9 ± 3.8 


0.592 


148.5 


14.1 


0.536 


77.3 


13.6 ±1.3 


0.534 


159.0 


148.0 


0.585 


49.1 


144.8 ±11.0 


0.540 


23.5 


7.0 


0.287 


172.5 


6.9 ±0.5 


0.338 


40.5 


37.2 


0.205 


82.4 


50.8 ±6.8 


0.538 


169.5 


27.7 


0.628 


151.4 


24.0 ± 3.9 


0.728 


44.9 


31.0 


0.602 


83.7 


31.8 ±4.2 


0.716 


144.7 


55.9 


0.294 


14.1 


31.4 ±3.8 


0.515 


173.9 


112.6 


0.561 


43.5 


72.9 ± 7.0 


0.518 


38.1 


11.6 


0.320 


164.3 


9.6 ±1.3 


0.434 


146.9 


11.2 


0.390 


29.3 


12.0 ±1.9 


0.570 


157.8 


29.5 


0.435 


73.8 


26.6 ± 7.3 


0.661 


6.1 


14.9 


0.454 


124.3 


19.1 ±1.7 


0.674 


164.1 






o 

£0 



TABLE 3 — Continued 



CO 

to 



Galaxy 



Bar 

flag a(") 



APA = 10° 



0.1 



PA{") a{") 



PA(") 



iirr 



PA(») 



-TITT" 



"PAH" 



Final dcprojcctcd 

-Tin ^ 



PA(") 



NGC5668 

NGC5669 

NGC5713 

NGC5740 

NGC5850 

NGC5892 

NGC5950 

NGC5958 

NGC5964 

NGC5985 

NGC6012 

NGC6014 

NGC6140 

NGC6155 

NGC6217 

NGC6267 

NGC6339 

NGC6412 

NGC6434 

NGC6923 

NGC7098 

NGC7140 

NGC7479 

NGC7552 

NGC7661 

NGC7731 

NGC7741 

NGC7798 

PGC003853 

PGC006667 

PGC011367 

PGC012633 

PGC012664 

PGC014037 

UGC00313 

UGC01551 

UGC09356 



C 10 0.310 111.7 

B 6 0.751 40.5 

C 20 0.634 98.3 

B 16 0.472 128.4 

B 62 0.628 116.0 

B 4 0.426 158.5 

B 4 0.678 91.7 

C 6 0.505 135.0 

B 18 0.830 148.4 

C 10 0.394 32.5 

B 20 0.715 155.6 

B 16 0.345 31.4 

B 4 0.784 56.5 

C 2 0.444 121.0 

B 38 0.735 148.3 

B 18 0.730 157.7 

B 10 0.730 106.9 

B 8 0.435 159.7 

B 8 0.409 56.3 

C 22 0.573 78.0 

B 42 0.550 50.2 

B 58 0.754 18.8 

B 50 0.757 7.8 

B 36 0.656 89.6 

C 8 0.687 48.1 

C 8 0.439 42.8 

B 30 0.667 101.5 

B 10 0.485 94.5 

B 30 0.498 50.3 

B 16 0.461 53.2 

C 16 0.494 31.0 

C 18 0.510 101.6 

B 6 0.558 87.9 

B 12 0.660 142.5 

C 4 0.691 100.4 

C 20 0.656 80.7 

C 6 0.552 58.5 



14 0.097 129.7 

16 0.025 162.5 

30 0.157 128.3 

22 0.411 145.9 

80 0.259 124.4 

8 0.372 156.0 

10 0.195 178.7 

8 0.265 141.5 

32 0.725 147.9 

12 0.387 28.0 

30 0.606 152.0 

20 0.098 19.2 

20 0.507 65.4 

4 0.207 135.4 

60 0.263 156.9 

24 0.185 48.3 

16 0.607 106.8 

14 0.086 27.0 

10 0.385 53.0 

24 0.289 89.6 

58 0.455 55.8 

82 0.474 22.4 

82 0.618 22.1 

64 0.486 97.9 

10 0.428 38.2 

12 0.347 45.3 

48 0.083 107.0 

14 0.164 149.5 

36 0.045 101.3 

24 0.090 109.7 

28 0.180 97.7 

22 0.195 105.4 

12 0.220 123.8 

18 0.511 136.9 

6 0.170 175.0 

30 0.128 127.3 

8 0.364 75.1 



11.7 0.315 101.7 

12.1 0.611 50.5 

22.8 0.423 88.3 

20.6 0.446 138.4 

99.2 0.356 126.0 

12.7 0.325 168.5 

6.3 0.556 101.7 

8.4 0.296 145.0 

54.9 0.581 138.4 
14.5 0.419 22.5 

50.5 0.352 165.6 
19.7 0.124 21.4 

21.1 0.514 66.5 
3.4 0.280 131.0 

50.4 0.490 158.3 

22.3 0.596 167.7 

25.4 0.566 116.9 

12.6 0.115 169.7 
14.4 0.500 66.3 

23.7 0.330 88.0 
67.0 0.491 60.2 
89.7 0.386 28.8 
79.0 0.678 17.8 
66.7 0.490 99.6 

22.2 0.484 38.1 

20.3 0.340 52.8 
48.6 0.100 111.5 
12.6 0.360 104.5 
34.6 0.108 60.3 
20.9 0.223 63.2 

21.6 0.445 41.0 

23.7 0.196 111.6 
8.9 0.398 97.9 
0.0 0.000 0.0 
4.3 0.621 110.4 

24.3 0.447 90.7 

7.2 0.438 68.5 



13.0 0.210 114.3 
11.4 0.651 46.4 
21.7 0.534 93.3 

0.0 0.000 0.0 

77.6 0.528 118.5 

12.6 0.326 167.7 

6.2 0.578 99.8 

6.8 0.405 137.7 

30.6 0.730 147.8 
0.0 0.000 0.0 

28.1 0.615 152.1 

18.1 0.245 31.8 

11.2 0.684 58.5 
2.8 0.344 127.1 

47.0 0.635 147.7 

22.2 0.630 162.8 

12.3 0.630 107.9 

10.4 0.335 156.8 
0.0 0.000 0.0 

22.7 0.473 82.1 
110.1 0.450 63.1 

66.2 0.654 19.1 

79.5 0.657 18.7 

59.7 0.556 96.6 
8.8 0.587 44.3 

20.3 0.339 52.9 

43.6 0.567 96.8 

12.4 0.385 98.8 

30.8 0.398 49.6 

19.6 0.361 46.0 

22.7 0.394 52.4 
19.2 0.410 99.8 

8.5 0.458 95.0 

15.5 0.560 139.5 
4.4 0.591 114.7 

22.7 0.556 79.9 

7.1 0.452 67.3 



11.5 ±1.0 0.263 141.2 

8.9 ±2.7 0.694 154.4 

23.9 ±0.9 0.681 174.5 

24.7 ±2.1 0.518 26.5 

78.9 ±8.6 0.626 40.8 

6.6 ±2.2 0.460 151.9 

8.2 ±2.0 0.749 156.0 

7.6 ±0.5 0.582 5.2 

24.3 ±6.3 0.766 1.1 

14.5 ±1.1 0.338 157.1 

26.6 ±4.7 0.705 135.6 
21.0 ±1.4 0.457 166.6 

8.5 ±4.0 0.796 32.7 

2.5 ±0.4 0.343 152.5 
44.5 ±4.7 0.746 164.1 
26.9 ±2.2 0.784 23.1 
18.2 ±1.9 0.832 7.6 

9.2 ±1.2 0.432 15.4 

16.0 ±2.0 0.578 16.7 

22.4 ±0.4 0.349 0.1 

58.1 ±8.7 0.438 43.8 
65.4 ±4.6 0.652 24.2 

64.8 ± 14.2 0.682 166.9 

49.4 ±12.3 0.664 154.6 

8.9 ±0.3 0.561 28.7 

12.2 ±2.4 0.485 29.5 

47.0 ±9.0 0.729 16.8 

12.3 ±1.4 0.492 141.4 

38.1 ±0.7 0.567 24.6 

22.7 ±2.4 0.570 9.6 
20.0 ±3.1 0.497 138.9 

18.8 ±0.6 0.512 140.2 
10.0 ±1.6 0.674 13.7 
13.8 ±1.7 0.361 11.1 

6.6 ±0.2 0.807 177.3 
23.0 ±1.6 0.611 144.6 

8.2 ±0.5 0.571 32.8 



o 



o 



Note. — Bar properties. The bar flag indicates wlicther wc consider the elongated feature to be a bar (B) or just a candidate bar (C). For each bar we provide four measurements of its radius 
(a), its ellipticity (e) and its position angle (PA). The first set of measurements corresponds to the maximum ellipticity of the bar. The second one is determined at the local minimum in ellipticity 
after emax- The third group is measured at the point where the position angle departs by 10° from the one at €max. The fourth group of measurements correspond to the radius where e drops by 
0.1 "with respect to Cmax. Note that the first two measurements of a are integer multiples of 2 , as they are measured directly on the profiles at that resolution; the other two are interpolated at 
the corresponding Ae and APA. The last three columns show the finally adopted bar parameters, corrected for inclination. 



